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This Electric Motor Pepair Course is designed 
nrovide the student with practical information for winding^ 
reoairincTr and troubleshootinq alternating current and direct current 
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Electric Motor Fundamentals.^ (2) Pewindingr (3) Split-pha.ne Induction 
MotorSr (^) Capacitor Mo-^ors^ (5) Pepulsion Motors^ <6) Polyphase 
MctorSr (7) Direct Current Motors and Genercitorsr and (8) Universal 
and Shaded Pole Motors. Each unit begins with a Unit Learning 
Experience Guide that gives directions for unit completion. The 
remainder of each unit consists of Learning Activity Packages (LAP) 
that provide specific information tor completion of a learning 
activitv. "^ach LAP is comprised of the following parts: objectiver 
evaluation procedurer resourceSr procedurer supplemental sheets^ 
study quide^ and a LAP test with answers. The course is preceded by a 
pretest which is designed to direct the student to uiits and 
DPrformance activities, (LEA) 
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COURSE: ELECTRIC MOTOR Ri:PAIR 



DESCRIPTION : 

This course deals with various kinds and type^3 of electric motors. It 
will help you to understand theory and enable you co apply theory to 
motor repair. 



RATIONALE : 

The Electric Motor Repair Course will pvovide^ you with practical infonna- 
tion for windinq, repairing, and troulnor>hoot. Lnq AC and DC motors, and 
controllers. 



OBJECTIVES ; 

Given service information, tools, supplies and equipment, student will 
service, diagnose difficulties, dissassemble, order, repair, and replace 
components for selected AC/DC motors and generators. Successful achieve- 
ment will be indicated by: 

1. Motors f Miction according to manufacturer's standard.^. 

2. Following procedures given on performance checkJist, 

3. 80% accu -.cy on multiple choice objectives tests. 



PREREQUISITES : 

Foundatioi; i:dut:ati..n Skilli^. 

RESOURCES : 

A course resource list is attached. 
GENERAL INSTRUCTIONS : 

This course has eight units. Each unit has a Unit Learning Experience 
Guide (LEG) that aives directions for unit completion. Each unit consists 
of Learning Activitiy Packaqcn (lAPs) that provide specific information 
for completion of a learning activity. Pretesting results direct the 
student to units and periiormanci.' activities. 



Principai Aiithorfs): 'i^ ^ 
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The general procedure for this course is as follows: 

(1) Read the assigned unit LEG for this course- 

(2) Begin and complete the first assigned LAP. 

a. Take and score the LAP test. 

b. Turn in the LAP test answer sheet. 

c. Determine the reason for any missed items 
on the LAP test. 

d. Proceed to the next: assigned LAP In the unit. 

e. complete all required LAPs for th:i unit fay 
i.ollowing steps (a) " rough (d) . 

(3) Take the unit tests as described in the Unit LEG 
"Evaluation Procedures'*. 

(4) Proceed to the next assigned unit in this course. 

(5) Follow steps 1 through 4 for all required units for 
this course - 

(6) Proceed to the next assigned course. 

You will work independently unless directed to do otherwise. When 
questions or problems arise, you are expected to discuss them with the 
instructor. At all times remember tc follow correct safety procedures 
during the performance activity- 



UNIT TITLES: 



.01 Electric Motor Fundamentals 

.02 Rewinding 

.03 Split-phase Induction Motors 

.04 Capacitor Motors 

.05 Repulsion Motors 

.06 Polyphase Motors 

.07 Direct Current Motors and Generators 

.08 Universal and Shaded Pole Motors 



EVALUATION: 



FQLLOr xHROOGH : 

After completing this course guide, you may begin with the first 
guide. If you have any questions, consult with your instructor. 



Stadsnt: File Codo: _.ja./!.1..0a.aQ-A^--2 

Date: Date Published; IZr A' 74 




COURSE TEST: ELECTRIC MOTOR REPAIR 



78.01 .01.01 

1. The ability of a material to permit the setting up of magnetic lines of 
force is called: 

a. reluctance 

b. permeance 

c. acceptance 

d. reliability 

2. The flux lines that represent magnetic force: 

a. follow straight lines 

b. occur only at the magnetics 

c. are uniformly distributed in the area 

d. are concentrated at the ends, or poles, of the magnet 

3. If the N pole of one magnet and the S. pole of another magnet are brought 
close together: 

a. the lines of magnetic force will cross each other 

b. th^ will repel each other 

c. they will demagnetize each other 

d. they will attact each other 

4. The magnetic field that forms around a current-carrying conductor is: 

a. a series of closed circles running 

b. a series of concentric circles, or rings, around the conductor 

c. - pattern of lines radiating out from the conductor 

d. parallel to the conductor 

5. To determine the direction of the magnetic fi;:ld around a current-carrying 
conductor by means of the left-hand rule, you must know: 

a. the direction of current flow in the corsductor 

b. the direction of the lines of force 

c. the magnitude of the current 

d. the number of turns per inch 
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78.01.01.02 

6. According to Faraday's law, the voltage generated by the relative motion 
of a conductor and a magnetic field is: 

a. indirectly proportional to the cross sectional a>^ea of the field 

b. directly proportional to the cross sectional area of the field 

c. directly proport;onal to the rate at which the conductor cuts the 
lines of magnetic fore? 

d. always in the same direction, negative to positive 

7. When a circuit in which current has been flowing reaches a steady state 
and the switch is then opened, the magnetic field around the conductor 
starts to collapse and: 

a. all current flow inmediately ceases 

b. the voltage induced by the collapsing field tends to keep the circuit 
current flowing 

c. a resistance is set up by the induced voltage 

d. mutual inductance increases 

8. Which of the following are physical factors that affect inductance? 

a. flux density 

b. the applied voltage 

c. the amount of current flow 

d. the length of the core 

9. The amount of inductance in a coil is: 

a. the resistance in a coil 

b. directly proportional to change in current 

c. always in reference to polarity 

d. the number of turns in a coil 

10. The strength of induced voltage depends upon: 

a. fields relative motion 

b. the battery applied to the generator 

c. inverse mutual inductance ratio 

d. the number of magnetic lines of force cut by the coi'' and the speed 
at which the conductor moves through the field 
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11 • Total current used by the motor is determined by: 

a. the power redurrljn ratio 

b. the field and armature currents 

c. the constant speed of the motor 

d. the percent of speed regulation 

12. Iv the starting winding were burned out in a split-phase motor, when the 
power is turned on it would: 

a. short circuit the wind"ing 

b. not start 

c. burn out the run winding 

d. reverse the rotation 

13. If the load is removed from a series motor: 

a. it will decrease its speed 

b. it will run normally 

c. it will increase its speed 

d. it will destroy itself by centrifugal force 



fig- 1 




14. Identify the schematic in Fig. 1. 

a. dyna motor 

b. parallel motor 

c. series motor 

d. syncro motor 

15. Identify the schematic 

a. syncro motor 

b, compound motor 

c. parallel motor 

d, dyna motor 

ERIC 



in Fig. 2. 

Fig. 2 
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78.01.01 .04 

16. On the illustration of the universal motor, what number would identify 
the field coils: 



17 



a. 3 

b. 2 

c. 1 

d. 4 

On the illustration of the universal motor, which number would identify 
the commutator? 



a. 2 

b. 1 

c. 4 

d. 3 



UNIVERSAL MOTOR 
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78.01 .01 .04 (continued) 

18. On the illustration of the repulsion type motor, which number would 
identify the commutator? 

a. 4 

b. 2 

c. 3 

d. 1 

19. On the illustration of the repulsion type motor » which number would 
identify the stator and winding? 

a. 3 

b. 1 

c. 2 

d. 4 

REPULSION-TYPE MOTOR 
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78.01 .01 .04 (continued) 

20. On the illustration of the pclyphase motor, which number would identify 
the stitor? 

a. 2 

b. 1 

c. 3 

d. 4 
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21. What are the two ci asses of induction motors? 

a. squirrel cage and wound rotor 

b. split phase and capacitor start 

c. wound rotor ard !:yncronciJS 

d. squirrel cage and shaped pol^^ 

22. What rotates in a shaded-pole motor? 

a. field coil 

b. armature 

c. squirrel cage 

d. shade coil 

23. What device is used in a capacitor start motor to connect the AC voltage 
from the start to the run vvinding? 

a. resistor 

b. capacitor 

c. centrifugal switch 

d. inductor switch 

24. A machine that converts mechanical energy to electrical energy is called: 

a, an armature 
b* a generator 

c. a motor 

d. a capacitor 

25. A machine that converts electrical energy into mechanical energy is called: 

a. a generator 

b. a motor 

c. an rP''-^.::: vcr 

d . a toy* 

78.01 .02,0 1 

26. Why is the term "end room" important, wheii taking data on ^ motor? 

a. only because of the rur wind-^r.g 

b. only because or the S'cart wi;^•.ii^!g 

c. because the end plates may ;^.r'^ss cgains-: the coils and cause a short 

d. because of insulation paper 
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78,01 ,02.01 ; continued) 

27. Identify the info 'ipation necessary in taking data for the revn nding of a 
motor. 

a* none of the following 

b. obta'ln Information on bot!i th-j run and start windings 

c. note specific informati m concerning the old windings 

d. obtain as -.Mch dota as possible 

28- What Information v^ould you put on your data sheet if the start winding 
on a motor was shorted? 

a. don*t put anything Oi^ 'he dr.tci sheet 

b. put just the start windinrj or, the information sheet 

c. put just the run winding on the data sheet 

d^ put both the run winding and start winding information 

29. Why is taking the proper dcit^i^wnen working on a motor, important? 

a. it is just something we do in schools 

b. it is added paper work to increase the price it costs the consumer 

c. so that no difficulty will be encountered upon reassembly 

d. it is not needed 

30. What is meant by the pitch of a coi 1 on a motor? 

a. the number of slots separauing the sides of a coil 

b. the number of groups of coils 

c. the number of degrees they are apart 

d. how far the coi 1 p^^otrudes from the slots 



78>01.02.02 

31. While stripping the stator on a motor, why is it important to count the 
turns of wir^:;. and nf'fnber of coils per pole? 

a. to check the manuf.'Cturer ^ s speci cations 

b. to get it on the data card, so when it is rewound, it will have the 
same number of turns per pole 

c. to guard against a change in polarity 

d because when it is rewound, it should have 5 les^ -'jils per pole than 



are unwound 



32. If 



only the start winding on a rn.itor is to be changed, you should: 



b. 



d. 



c . 



cut one end of each cci1 ap.d pull 
change both start and run windings 

lift out the stdrc winding c^.no v^emov^-':! the wedges with a hacksraw 
remove the wedg.vs and lift out the start winding 
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78.01.02.02 (continued) 

33. How long should the stator on a motor be on the burning pit? 

a. 30 minutes 

b. several hours 

c. one hour 

d. 24 hours 

34. While stripping the stator on a motor, should you check wire size? 

a. Yes, you have to determine new winding sizes 

b. No, anyone can guess the wire size 

c. Sometimes you should just in case you lose the stator 

d. Never, it's not that important 

35. One method of stripping a stator 1s to: 

a. cut both sides off 

b. cut each coil on one side and pull the coil out the other 

c. pull 

d. cut each coil on one side and pull 
78.01.02.03 

36. When insulating a motor stator, when would you use a paper cutter? 

a. to cut insulation only to be cuffed 

b. to cut insulation tc proper width 

c. to cut the cuff only 

d. to cut only the wedges 

37. The best procedure to follow when reinsulating a core on a motor is to: 

a. it isn't necessary to rei nsi/ioce the core 

b. replace it with thinner insv;ic-tioti thop, was originally used 

c. replace ^ with thicker i nsu i 0!i than was originally used 

j| r-^- : /,..-'^ it with .;nc ■•-•nn tv'n;; and thickness of insulation as used in 
the origi na i w i nri . 



38. Class A insulatior i: "sec when ^ i r.c i ng a ino-^c,- and is made of: 

a. rags took paper 

b. heavy paper 

c. dacron-rnyl ar 

d. iTiylar 

39 What type of i iS '' > ■ ■ ' wnr.r. rei nsul a:i ng a core on a motor 

because it is r-i.^ x-j hvjn uempprature and has high tensile strength? 

a. ragstocL [;a\j::r 

b. n\ylar conibi nati o;- 

c. nylon paper 

d. dacron-niyl ar 
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78.01 .02.03 (continued) 

40. When reinsulating a core on a motor, the cuff should be turned back: 

a. 1/4 inch 

b. 5/8 inch 

c. 1/2 inch 

d. 1/8 inch 

7fiL01;J2;04_ 

41. What two ways are usuaViy used tc Measure wire for a motor? 

a. micrometer 

b. American screw gauge and depth gauge 

c. American wire gauge and fsaler gnuge 

d. micrometer and wire gauge 

42. Which of ti-.3 following ways of winding will produce the tightest winding 
possible? 

a. skein 

b. form winding 

c. motor winding 

d. hand winding 

43. Before winding a motor, which of the foliowing should be completed first? 

a. remove end bells 

b. collect necessary data 

c. remove stator 

d. insulate slots 

44. In a skein winding, which of the following is of prime importance, when 
wiiic''^" ^ i.*"'-^ stotor - /"tor? 



ERIC 



a. radius must be oxact 

b. circumference iitj^:t be exaci 

be Gxac 



D* CI rcumrer eriL'c! iif.j:.». uc caqv 

c. shape (round) n-iiis. be exQt 

d. shape (rectansu^nr) must : 



45. Which of the fo:iG:.:..^^ypes .r-.iiid ...c used, if the wire 

size is over 21 A.W.t,V 



a. hand 

b. firm 

c. skein 

d. niuchine 



4 
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46. In a motor, all the co1!s are wound with the same size: 

a. start winding 

b. magnetic wire 

c. set of coils 

d. leads 

47. Series field coils consist of which of the following in a DC motor? 

a. light wire with many turns 

b. heavy wire with many turns 

c. heavy wire with a few turns 

d. light wire with a few turns 

48. Shunt fields in a DC motor consist of which of the following? 

a. heavy wire with a few turns 

b. light wire with many turns 

c. light wire with many turns 

d. heavy wire with many turns 

49. Interpole fields in a DC motor consist of which of the following? 

a. heavy wire with a few turns 

b. heavy wire with many turns 

c. light wire with a ^ew turns 

d. light wire with many turns 

50. Host generally, tha po'es 1n r. DC niotor are connected: 

a. in a series 

b. in a paral lei 

c. in d series parallel 

d. £lterr? L:."!y srrrias than parallel 

73.01 .02.0 6 

51. Before dipping, the stator from :i moior shjui ' i>e placed iii a baking 
oven for: 

a. 10 minutes 

b. 45 minutes 

c. 50 minutes 

d. 30 minutes 

52. At what approximate temperature should the st.iLjr on a motor be preheated? 

a. 200 degr*eos f • 

b. 112 degrees F. 

c. 250 degrees F. 

d. 250 degrees C. 

.ebIc _ 
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78.01 .02.06 (continued) 

53. When varnishing a motor, the entire process of dipping or trickling the 
varnish should take no longer "chan: 

a. 5 to 10 minutes 

b. 20-30 minutes 

c. 15-20 minutes 

d. 10-15 minutes 

54. When varnishing a motor, a type of varnish that does not require baking is: 

a. orange vcrnish 

b. resin varnish 

c. air drying varnish 

d. polyester varnish 

55. When do you varnish the ncW windings in a sLator of a motor? 

a. after installing the windings in the stator and before installing 

flexible leads ^ ■ 4. m 

b. after installing the windings, completing a test and installing 

flexible leads 

c. after installing the windings in the stator 

d. before installing the windings in the stator 

78.01 .03.01 



56. When repairing an electric motor, is it necessary to know the number of 
hours worked to fill out a work order? 

a. Yes, For billing purposes 

b. Yes, for complete records 

c. Mo, only if trying to do it faster then someone else 
d'. No, this information isn't necessary 



57, 



On 3 -'-J.-s ord--yr she = t ""c- repairing an electric motor, the job description 



is: 



a. a description of location 

b. a description of the customer 

c. a description of the trouble 

d. a description of parts used 

58. Why is the date received on a work order ^-'or repairing an electric motor 
important? 

a. it makes no difference 

b. it identifies the oldest routine order to work on 

c. only if it's roucins is -t importarii. 

d. always leave blank 
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78,01 ,03.01 ( conti nued ) 

59. What does the grand total coluinn on a work order for repairing an electric 
motor include? 

a. cost of material used only 

b. dollars per hour of labor only 

c. total cost of all material and labor 

d. total cost of labor only 

60. When would you put something in clie "Needed By" block of a work order 
when repairing a motor? 

a* always fill it in 

b. always leave blank 

c. only if it's needed i^ediately 

d. only if it is routine 

78.01 .03,02 

61. On a split phase induction motor, the start v/inding is located between: 



62. What is the other name used to refer to the start winding on a split phase 
induction motor? 

a. run winding 

b. main winding 

c. auxiliary winding 

d. squirrel cage winding 

63. When ^ .-•i g c. spliv. p:. . induction motor, the current flowing through 
both the running and startiriy \nndings: 

a. causes a centrifugal force 

b. causes a rotor to turn 

c. closes centrifugal switch 

d. causes a magnetic field 

64. The 'un winding on a splii pnase induction motor is located between: 



a. 
b. 



4-5 
1-2 
1-4 
3-4 




a. 
b. 



c. 



1-4 
4-5 
3-4 
1-2 



('Lee diagram f 



for qj5? tio:'< 51 ) 
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78.01.03.02 (continued) 

65. In the run winding of a split phase induction motor, hov; many poles are 
there? 

a. 3 

b. 2 

c. 1 

d. 4 

78.01 .03.03 

66. Where is the squirrel-cage winding found on a split phase induction motor? 

a. inside the rotor 

b. inside the stator 

c. inside the rear end plate 

d. inside the front end plate 

67. The stator on a split phase induction motor is labeled by what number? 

a. 8 

b. 7 . 

c. 2 (see diagram 1 on next page) 

d. 3 

68. On a split phase induction motor, of the two windings inside the stator^ 
which is the run winding? 

a. the smallest diameter wire 

b. heavy copper bars 

c. the thin flat bars on the rear endplate 

d. the largest diameter wire 

69. Which end of a split phase induction motor h::s the two punch marks on the 
stator housir;^ and end plates? 

a. the rear endpiat?; 

b. the shaft end 

c. on the shaft 

d. both ends 

70. On a split phase induction motor -which end plate should be taken off first? 

a. bottom plate 

b. rear end plate 

c. shaft end plar,e 

d. front end plate 



ERIC -f , , 



SPLIT PHASE SSMDUCTSO^a IVJOTOR 
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71- If the start winding of a split phase induction motor remains in the circuit, 
the: 

a. contact points are burnt 

b. centrifugal switch is not closing 

c. centrifurjal switch is not opening 

d. start winding is shorted 

11. To determine whether a winding on a split phase induction motor is 
grounded, while using a test lamp you would: 

a. connect one test lead to centrifugal switch and one to power lead 

b. connect test lead in series with the run or start windings 
c* connect one test lead to the rotor and one to the power line 
d. connect one test lead to power lead and other lead to core 

73, If a split phase induction motor smells and feels hot, tiie probable cause 
is: 

a. a had connecticn 

b. a shorted winding 

c. the centrifugal switch is not closing 
d* an opening in the winding 

74. In which schematic below is the split phase induction motor in the 
starting position? 




75. Ill the schcfir.2^ic below, the split phase induction motor: 

a. has reached 1^% of norn^ai speed 

b. is in starting position 

c. will not run 

d. has reached 25% of normal speed 




to line 
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76. How would you check for an over loaded motor? 

a. use a watt meter 

b. use an ohmmeter 

c. look for excessive heat or use an ammeter 

d. look for cold or use a voltmeter 

77. What might be the cause if the split phase induction motor won't start? 

a. loose end-bell 

b. loose bearing 

c. bad run winding 

d. bad start winding 

78. If a split phase induction motor draws more current than Us rated load» 
it will : 

a* open 

b. short 

c. ground 

d. produce excessive heat 

79. If a split phase induction motor runs slower than normal speed, it may 
be because of a : 

a. short squirrel cage winding 

b. bad centrifugal switch 

c. bad start winding 

d. short in the run winding 

80. If a split phase induction motor runs at a reduced speed, 1t may indicate: 

a. an open in the start winding 

b. an open "In the centrifugal switch 

c. l^^s^ footer barb 

d. an open run winding 

78.01 .04.01 

81. On a two valve capacitor motor, what purpose does the cfinuifugal switch 
serve? 

a. to substitute a lower capacity 

b. takes the capacitor and run winding out of circuit 

c. takes the capacitor and start winding out of circuit 

d. takes the start winding and capacitor out of the circuit 



EKLC 
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78.01 .04.01 (coitinued) 

82. What is taken off the lin-i after a motor reaches approximately 75% full 
speed? 

a. start winding and capacitor 

b. capacitor and centrifugal switch 

c. start winding and rotor 

d. run winding and centrifugal switch 

83. How are the two valves of capacitance housed? 

a. two capacitors ar? in series 

b. by using a transformer 

c. two capacitors are in parallel 

d. dual capacitors are in one can 

84. What is connected to the line after the motor reaches approximately 75% 
full speed? 

a. run winding 

b. capacitor 

c. centrifugal switch 

d. start winding 

85. What happens to the capacitor when approximately twice normal voltage is 
appi i ed? 

a. capacity increases as the square of the voltage 

b. capacity decreases by 1/2 the voltage 

c. capacity remains the same, the voltage is doubled 

d. capacity decreases as voltage increases 4 times 

78.01 .04.02 

86. vi^ere. is tr.e centrifugal switch located in a capacitor start motor? 

a. inside the stater 

b. on the rear end plate 

c. on the top of stator 

d. on the front end plate 

87. Normally, where is the capacitor located on a capacitor start motor? 

a. inside the rear end plate 

b. inside the stator 

c. on top of the stator 

d. in the rotor 

88. What 1s the only di FfGrence btitwoaii d cap.icitor start inotov and a split 
phase motor? 

a. run winding 

b. none 

c . capaci tor .> 

d. centrifugal switch -^^ 
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78.01 .04.02 ( conti nued ) 
89, How is a capacitor ratsci? 

a . by amps 

b. by farads 

c. by OHMS 

d. by WVDC 

90 • In a capacitor sta^" .aotor the caprrcitor is in pa>'allel with: 

a. run winding 

b. bearings 

c. start winding 

d. centrifugal switch 

78.01 ,04.03 

91. If a capacitor start motor h^-^ c'rrit.ulty strrtii^g with i\o load applied, 
the trouble may be: 

a. open windings 

b. defective capacitor 

c. over load 

d. bad centrifugal switch 

92. The capacitance of a motor* starting capacitor shouTd be within what % of 
the rated capacity? 

a. 10% 

b. 30% 

c. 20% 
d- 40% 

93. On a capacitor start capacitor run motor, what type of capacitor is used? 

a. oi' ,~;jvjicor 

b. cvvo valve paper caDacic..;r 

c. two valve oil capacitor 

d. paper capacit6r 

94. What will the ohmmeter show if the capacitor is zhor-tod'^* 

a, lead on i cen^iiiia! ^ !.:^^-^ cn - teriiiwi'^l f.M-i-iyh - reverse 

the ohmmeter ivill give a difvLirent rending 
c- the chiiinseter will show 'lero GHriS 
d. the o\\)\\\uZ\yr wi S ' -.^ow inf1r;'ity reading 



EKLC 



Page 19 



78.01 .00.00.A2-2 



78.01 .04.03 (continued) 
95. How is a capacitor checked using an ohrr,nieter? 

a. the ohiTBtieter will give a diffareirt reading 

b. lead on i- terminal - l?ad on = terminal ohinmeter on mgh 

c. the ohrrsiieto-: will show zero OHr-IS 

d. the ohmmetfir will show irifinit.y reading 

78.01 .0 4.04 

95. In a capacitor start motor, if the varnish is scraped or nicked in one 
spot, should it be installed in the starter? 

a. occasionally 

b. ciGver 

c. alvjays 

d. sometinies 



97 



98. 



When you apply current to a capacitor start motor and the fuse burns out 
look for: 

a . shorted winding 

b. open capacitor 

c. too small fuse 

d. wrong connections 

Which is the pr-oper schematic for a capacitor stai t motor? 



C CS 



a. 




c. Line KW L-i,ig 

d. 



-it-- 



' ■• ,^sw ^ sw 



d. J—-^^ 1 — 



I ine i RW SW Line 

1 / -J 



SW 



CS 



99. When a capacitor slcyI motor \z first iiiJt on r.h- work bench, which of the 
foilowiny silOiiid i.'j done? 

a. plug it inf.) a voltage source and sea whax doesn't work properly 

b. refer to m^'nu "■.•.ct'.;rei-3 booklet 

c. diSiiianlie o\n\ look inside 

d. u':.e a test lamp or uki^.'-rneter dud ch;:ck ior nroiinds, sliorts. opens 
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78>01 .04.04 (continued) 

100. If a capacitor sta^^t f;iotor withoiit a lOc^.d hums, but does not run, suspect: 

a. overload 

b. defective capacitor 

c. Lhorted winding 

d. grounded winding 

78.QL05.01 

101. What are the two types of y^epulsion start induction motors? 

a. brush-1 i^ting and brush- riding 

b. brush-riding and commutator 

c. centrifugal devices and conanutator 

d. brusJi-l ifting and centrifugal device 

102. The o:'.e advantage of a repulsion induction motor is: 

a. no commutator 

b. no centrifugal switch mechanism used 

c- that it can be called an inductive series motor 

d. no compensating v;inding 

103- What is one feature comsTion in all types of repulsion motors? 

a. each ha^. a centrifugal svntch 

b. each uses a capacitor 
c- each has slip rings 

d. each has a rotor containing a winding connected to a commutator 

104. On a repulsion start induction motor using an axial commutator, the 
brushes 

d '^erriair - same 

c. ride 

d. can do both r'ide and lift 

105. On a brush- 1 i fti ng ^.ype of repulsior. str.rt induction mcto/ when noes the 
brush move away frc-ii ttie commutator? 

a. at approx 

b. at approx 

c. at appr'ox 

d. at appro- 



85" or TuVl speeo 



^►0% of full ^npp 
?5;^ or 



■ t 



full Speed 



i u 
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106. What is the purpose of the spring barrel on a repulsion start induction motor? 

a. it has no real purpose 

b. it holds the short circuiting necklace in placa 

c. it moves the governor weights 

d. it helps remove the governor springs 

107. On repulsion type motors, what is the purpose of the governor weights? 

a. it causes the short circuiting necklance to short cut the commutator 

b. it controls the speed of the rotor 

c. it pushes the brushes away from the co.nmut?.tor 

d. it mov^s only the push r-ods 

108. What is the purpose of the stator of a repulsion type niutor? 



a. to hold the core 

b. to hold the brushes 

c. to hold the armature winding 

d. to hold the laminated core and field winding 

109. What is the purpose of the short circuiting necklace in repulsion type 
motors? 

a. to hold the push rods in center position 

b. to move the governor weights 

c. to short cut the commutator windings 

d. to hold the spring barrel 

110. On a repulsion start induction run motor, the copper bar's that are 
perfendicul ar to the shaft are called: 

a. ~ ■.-.■'nndtor threads 

b. axial commutatoif 

c. spring barrel commutatGr 

d. radial commutator 



78.01 .05.03 

111. What is used in '".esting for grounds -.-.i r- ^ion i':OlorV 



a. vol t meter 

b. internal cr-o,;i"v 

c. DC battc-rv . compass 

d. test lamp 
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112. If the repiiision type mocor keeps burning out fuses., tho trouble may be: 

a. worn bearings 

b. open field 

c, shorted armature 

d, vjorn br'jsh holder 

113. If the repulsion type motor ^um^: but dca^: not rui... the trouble may be: 

a. loose centrifugal devi ca 

b. grounded stator 

c. high HICA 
Q. overload 

114. Open armature coils will causa the repulsion cypp j-ictov^ to: 

a- hum but iiot run 

b. become-^ excessively hot 

c. spark internally 

d. burn out fuses 

115. fx growler is used to test the: 

a. stator for shorts 

b. armature for shorts 

c. armature for opens 

d. stator for groui^ds 

^ 78.G1_.05 ,0^!^ 

116. If a repulsion staY't induction motor is set on the soft n^ucral position, 
how can this b^^ checked? 

. with di\ ^-^iMiYneter 
b . ' r vo ! trnete. ~ - 

c. Lv/ moving uru-.h'S. lo h.oc'v will not run, then to right s^ -ghtly 

d, with an ammeter 

117. On a brush lifuing repulsion motor, if the brushns are shir.ocl to the 
r 1 g u t , th e \ Mia c ii v; i 11 rotate: 

d . 90 daarv?es 
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MB, 



What type of material cvr: brushes fviade of for v-piilsion type iPotors? 



a . carbon ?r gr aphi 
carbon post 

c. graphite post 

d. copper cr^ lead 

119, ir; repuU'ion type uiators . » f r,he inrushes tnoved cloclcwh:.:; -Mio 
arrnr.rture wiVI rotate in a: 

a . clockwi se di recti on 

b . the Motor- wi i I :s cop 

c. tKe direct-ion ^7i M not b.: changed 

d> counterc'iocKvri dir'^ction 



type ir.OLorV 

a. the type of connection in armature 

b. the copper wire cn one end of the bruish 
r[ the type of connection in the commutator 
d« the type of connection in stator 

78,01 >05._01 

121 . The rotor of a l:hriee phcrse motor cont^in^ ir. 

a. die-cast core 

b. v.^ound core 

c. laminated core 

d. solid core 

122. The opera ti on of practically all polypha:.e motors d-pe^d^ en 

a , . . ' ; ng •^viq^^e?:! c t " v"^ d 

b. stationary magntyrc fiviu; 

c. stationary solenoid 

d. revolving solenoid 

123. Polyphase >:iOtors ar,^: 
.1 , I'^i i ve - . . •• ^ 



o 
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124. Three phase motors vary rrcm r>'ac 1 1 onal /'hor:sepowor s1z(j to: 

a* several thousarid HP 

b. several i"j):rire'i iiP 

c. a few hP 

d. several HP 

125. The three niairi m^in parts of c iiisrec phase motor aro f^id piatos, i^tator^ 
and: 

a. armature 

b. commutator 

c. fieid ceils 

d. rotor 

78.01 .06 .02 

126. Three phase motors have a fairly constant characteristic of: 

a. torque 

b. voltage 

c. frequency 
speed 

127. An AC motor that Is designed for either throe pfaCoe or tv;o pi^^^sc operation 
is c^Jled a: 

a, repulsior; type motor 
b . polyphase motor 

c . spl i t phase motor 

d. split phase capacitor start motor 

128. ilhat is ''^(j pi::-pos>: of the stator cf 6 three piuis.i iiic^or? 

a . ^. ' ^ : ^^-^ rotor 

b. to hold th^^ oeariiicf. 

c. to liouse the laminated core, and windiricj^ 

d. to enabl^^ \h3.ft v.o turn 



129. What is tho 'j.:'^. ■ of the end bells of a polyph:-^ 



CO on K • ."t to ti/'!i 



C. CO hOU: 

d. t-j 'ij..'^ 
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7^. 01 .06,02 (continued) 
1.30. Hluit is tlie diffevence internally in two types of polyphase motor's? 

a. thfc coils cirG the sanie but the in^.e^'nal coirnections 6ra different 

b, t'le coi and int^^-na! connecLions are the same 

c. the coils are wound di ffere^.tty but the connections are the same 

d, both the coils and intern-i' connections are chariged 

78.01^5,03 

:Jl, In whAc way is an internal growler used to test a polypn.vise v;\ozz^ro parallel- 
cc^'isected. for shorts: 

parallels disconnected-growler in positlor. =• bod coil::, become hot 
b p'^ralleis disconnected - note vibrations of hocks;av/ 
r. :;y ncnjig the vibrations: of c: hacksuvj bl:/-j 

the? grcv/lcr in po^i t on- defect! ve co:!^ will hi'ro:i:.-^ ho: 

132. lii a polyphase motor, if there is a reversed phase, ti'ie iiioror w1 P. : 

a. run properly 

b. fail to start 

c. become excessively hot 
'.i. not run properly 

133. In a polyph-ase delta-connected motor using a Lcst: lamp, how would you 
determine which phase is open? 

•I;, disconnect at delta point end test each phase sepriratoly ^ 
b place one lead at delta point and the other on eacfi pftoi^c ieao 
c! you can not test delta connected motors for opens 

d. disconnect the phases and test each phase separately 

134. ."/jvrrses 1.: polyphase motor may occur in: 

ct. gv^oups 

b. coils 

c. phases 

d. all answers are correct 



135. In 



ijobphase cie "I C3. connected motor> using a test kimp, how mu^6 you 

C'} a qv-:::!'^::^::^ ohase? 

dis^onn^ct ai delta point and test each phase separately 

place one test lead at delta point and the other test lead to power 

^^^^^ . , ^1 

disconnect phases at leads and test each phase sepc'.ra^ely 

n:--? t2'\t U^d -to motor frame and one test tv -'-s: of the power 

1 eads 
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136. This schematic symbol is for what type three phase connection? 



3. WYE 

b. st^ir J\ 

c. pigtail ^7 '\ 

d. delta ^ 



137. If you have only a rectangular forrti for a three phase motor cciK how 
can you make it into a diamond? 

c.. by pulling at the center of opposite sides 

b . can ' t b& done 

c. only by using a di ainond-shaped head 

d. can only make a diamond if using a rounded form 

138. How are Wye-cnnnected coils of a three phase motor connected? 

a. the ends of each coil together, the beginning of each to a phase 

b. beginning of each coil connected together 

c. the ends of each phase connected together 

d. the beginning of each phase connected together 

139. What type of cape is preferred on a coil in a three phase motor? 

a. black electrical tape 

b. var-nished cambric or fiberglass tape 

c. rubber tape 

d. cotton tape 

140. "hat type . tape is often used to tape the coils of a three phase motor? 

a. •. otcon 

b. electrical 

c. paper 

d . rubber 

78.0 1 JJJ„OJ.. 

141. Wncic is c!>-r V i rs u step in disassembling a 1) C (iiotor? 

3. mark the end bells and frame with a pin punch 

b. remove uhe reLdining bolls 

c lift the brushes out of their holders 

,^ ,-.-v.n-,.j th,. ulntaii connoct"' ons ^ind r'jrnove f.'nt? bvushes 
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142. On v/hich rrrt of a D C motors^ ana^ture do the onishes ride? 

a. on the condiiutator 

b. on the armature coiVi; 

c. on the field col i 

d. on the brush holder 

143. On all D C iiiotors, ci.'^'reni must bo conrlucteci zo th^ armaturc: wir.d1ng 
through the: 

a. brushes 

b. end bells 

c. bearing 

d. brush holders 

144. In 0 D C motor, the fiehi pol^r^ hold the: 

a. armature 

b. field coils 

c. run and start windings 

d. run winding 

145. In a D C motor, the brushes are held stationary- by the: 

a. commutator 

b. brush holders 

c. brush rigging 

d. end plates 

78,01^07,02 

146. A shunt field and arm^.ture connected in series is characteristic of what 
type of motor? 

a - ; :r: c ! 

b. series 

c. compound 

d. shunt 

147. Which of the following is characteristic of a D C shunt n.jtor? 

a. \/ariable ^pt?^ad 

b . low speed 

c. high speed 

d. constant speed 
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78>01 .07.02 (continued) 

148. Which of the following components -a c D C shunt motor prevents a rise in 
speed? 

a. heavy shunt field 

b. carbon brushes 

c. centrifugal switch 

d. light series field 

149. A stabilized shunt iTiotor contains which of the followvng? 

a. a rotor 

b. a heavy series field 

c. variable field 

d. a light series field 

150. Which of the following characteri s ics does a D C series motor liave? 

a. heavier load, higher speed 

b. variable speed 

low starting torque 
d. lighter load, lower speed 

78.01.07.03 

151. In atvjo-pole D C series motor the fields are connected in: 

a. series 

b. tandem 

c. parallel 

d. unison 

To reverse the rotation of a D C series motor, all that is necessary is 
to interchange the leads on the: 



152 



b. starter 

c. armature 

d. brush holders 



153 In a D C compound motor, if the current flows through thci series-field 

and shunt-fiela coils of a pole i^'i the saine dir-act1o.i, and the shunt field 
is connected acro:::^; the Vine, it Uiiowri 



,'i c 



a. long- shunt cumulative motor 

b. long-shunt d'i rfer^nt ial motor 

c. short-shunt differential motor 

d. short-shunt curriulative meter 
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154. In a D C compound motor, che shunt fields are connected in: 

a. tandem 

b. series 

c. parallel 

d. unison 

155. On a four-pole, conipound-interpoT e motor, if the leads on the brushholder 
are reversed, it wiT' cause: 

a. the motor to operate correctly 

h. the inte--poles to overload 

c. the brusr.as to spark 

d. the motor to stop 

78.01 .07.04 

156. If a D C motor fails to run when the switch is turned on, the trouble may 
be: 

a. the wrong voltage applied 

b. off-set brushes 

c. an open armature circuit 

d. a dirty commutator 

157. Why does the NEC require that all permanently installed D C motors 
be grounded to a pipeline which is connected to the earth? 

a. if not properly grounded, the operator may be severely shocked 

b. it causes the motor to burn open 

c. it has nothing to do with motor operation 

d. it adds cost to the overall installation 

158. aT a D C nioto"^ runs slowly, the trouble might be: 

a. open coils 

b. wrong interpole polarity 

c. worn bearings 

d. grounded coils 

159. How many circuits are in a shunt motor? 

a . 2 

b. 1 

c. 3 

d. 4 
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78.01 .07.04 (continued) 

160. In a 0 C motor, if a bare vrire touches the laminated pole, the motor is 
said to be: 

a. Interpol ed 

b. open 

c. grounded 

d. shorted 

78.01 .07.05 

161. When is a generator said to be separately excited? 

a. when the field coils are connected to an outside source of electricity 

b! at 110 V 

c. when the coriiiiiutator is connected to an oucside source of electricity 

d. when the armature is connected to a battery 

162. How many types of self-excited generators are there? 

a. 4 

b. 1 

c. 2 

d. 3 

163. When a conductor is moved across the lines of force in a magnetic field, 
a voltage will be induced in the: 

a. conductor 

b. flux 

c. magnetic field 

d. force 

164. A machine ccr>./erting mechanical energy into electrical energy is called: 

a. s carter 

b. motor 

c. generator 

d. engine 

165. A wire moved to cut lines of magnetic force will produce: 

a. mechanical energy 

b. electroitioti ve force 

c. heat energy 

d. static pressure 
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166. The direct current generator is constructed similar to the 

a. three phase motor 

b. split phase motor 

c. DC motor 

d. shaded pole motor 

167. D C generators are rated in tenps of; 

a. horsepower 

b. volts 

c. kilowatts 

d. AMPS 

168. To discover the current output of a generator, the ammeter should be 
connected in: 

a. series with the generator 

b. series with the load 

c. parallel with the load 

d. parallel with the generator 

169. Generator voltage can be varied by using a resistor across the series 
field to vary the current through it. This is called a: 

a. exciter 

b. diverter 

c. commutator 

d. shunt 

170. Direct current from a battery is used to: 

a. energize the commutator 

b. run the generator 

c keep the :urrent flowing in the same direction 
d. the field q.A]- of a generator 

78.01,07,07 

171. If a generator has too much resistance in the field circuit, the generator 
will : 

a, ndt generate 
b- rotate 

c. operate only slightly 

d. operate normally 
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78.01 .07.07 (continued) 

172. If a generator has too much resistance in its field circuit, the trouble 
may be: 

a. shorted field coils 

b. loose connections 

c. bad bearings 

d. grounded field coils 

173. If a generator does not generate power, the trouble may be: 

a. loss of residual magnetism 

b. an overload 

c. a differential connection 

d. too slow a speed 

174. What would be the probable cause of a smoking D C generator? 

a. the wrong field connection 

b. a completely shorted armature 

c. a loss of residual magnetism 

d. a bad bearing 

175. Why would a wrong field connection result in a non-operational generator? 

a. the lines of force would be produced opposite of the residual lines 

b. the armature would short and burn 

c. a high resistance force would be created 

d. the lines of force would be produced in the direction of the rlux 
78.01 .07.08 

176. What could prevent sufficient current from flowing in the field coils of 
a generator? 

a. lesidual riiag.ic^ism 

b. wrong field connection 
'c. faulty field rheostat 

(d. wrong rotation 

177. Why is it important to replace a D C generator's brushes th replacements 

of the same type ^nd size? 

a. severe sparking may result if brushes are different 

b. the generator will not cpsrate at all 

c. the bearinc wi ' ' freeze up 

d. it is not necessary, any size and type can be used 
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178. If after repairing a generator the voltage does not build up what is a 
possible cause? 

a. resistance in the field circuit 

b. bad bearings 

c. brushes are the wrong type 

d. the case is shorted out 

179. If after repairing a generator you find only a lov^ voltage will develop 
which of the following may be the cause: 

a. bad brushes 

b. shorted armature 

c. bad bearings 

d. field windings connected improperly 

180. If after repairing a generator you discover that no voltage is produced 
v'hat has happened to the magnetic lines of flux in the generator? 

a. they are intersecting the residual lines at 45^ 

b. they are running opposite to the residual lines of tlux 

c. they are not the cause of the problem 

d. they are not being broken 

78.01.08.01 

181. What are the two major characteristics of a universal motor? 

a. high starting torque and variable speed 

b. low starting torque and variable speed 

c. low starting torque and lots of power 

d. high starting torque and constant speed 

182. Why is the u.'versal motor the most popular type in the fractional 
ho rs-^T' sizo? 

a. it is inexpensive 

b. it is used on most household appliances 

c. it doesn't have field coils 

d. it can be used as a generator 

183. What is the purpose of the field core'in a universal motor? 

a. it houses the bearings 

b. it supports the outer housing 

c. it holds the armature 

d. it tiolds the coils 
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184. What type of motor is very similar to the D C series motor? 

a. shaded pole 

b. uni versa! 
c- compound 

d. split phase 

185. The type of motor that can be used on either A C or D C voltage is: 

a. a she.dsd-pole motor 

b. a split-phase motor 

c. a universal motor 

d. a repulsion motor 

78.01 .08.02 

186. How is the commutator of a universal motor connected to the shaft? 

a. it is glued on 
b* set-screwed on 

c. pressed on 

d. welded on 

187. Where is the frame located on a universal motor? 

a. end plates 

b. outer housing 

c. coil bracket 

d. field core 

188. Why are universal motors usually built into the device they drive? 

ti. they rjp at very low sp^ed and cause vibrabicn 

b. t'^i^:* ''jn't have cir^y moving parts 

c. they run at aangerousiy -igh speed without load 

d. the bearings don*t have to be lubricated 

189. Identify #6 on the exploded view of a universal motor (attached). 

a. bell housing 

b. metal clamps 

c. field coils 

d. laminated cor.? 
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78>0I>08.02 (continued) 

190. .dentify #5 on the attached figure. (See page 34a) 

a. laminated core 

b. a'^mature 

c. commutator 

d . fan 

78.01.08.03 

191. Shorted coils will cause a universal motor to: 

a. have poor torque 

b. smoke 

c. run hot 

d. spark t jdiy 

192. What piece of test equipment should be used to tost for an open field 
coil winding in a universal motor? 



a . a voltmeter 

b. a wattmeter 

c. an ohmmeter 

d. an ammeter 



193. When using a test lamp on an ono- ^*-ld coil of a universal motor, the 
light would: 



a. stay out 

b. glow normally 

c. glow dinii*/ 

d . g^'^ ' i)r '.ghtlv 

194. What would the wrong brush position cause a universal motor to 



a . run hot 

b. smoke 

c . spari<; badly 

d . have poor torque 



195, What is the problem in a uruversal motor that causes it to rotate CCW? 



a. short in the armature 

b. short in the switch 

c. open field coil 

d. reversed motor leads 
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196. How many start windings are required by a shaded-pole motor? 

a. three 

b. four 

c . two 

d . one 

197. If a universal motor has poor torque, the trouble may be: 

a. brushes off neutral 

b. shorted armature 

c. overload 

d. shorted field 

198. If a universal motor sparks badly, the trouble may be: 

a. brushes off neutral 

b. overload 

c. wrong voltage 

d. shorted field poles 

199. How many coils are usually found in a universal motor armature slot? 

a . two 

b. one 
c- three 
d. four 

200. When installing new insulation in a universal motor armature, how fa 
should the insulation extend above the end of the slots? 

a . 1 / 4 i n . 

b. 1/lb in- 

c. 3/8 in. 

d. 1/2 in. 
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201 . Single phase induction motors require an auxiliary winding to provide the 
motor starting torque. How is this done in a shaded-pole motor? 

a. one closed turn of heavy, copper wire embedded in one side of each stator pole 

b. there is no need because it has very little torque 

c. many turns of light copper wire in the stator or frame 

d. it is wound at same time as the field coils 

202. Shaded-pole motors have stators constructed similarly to what other motor? 

a. split-phase 

b. universal 

c. polyphase 

d . shunt wound 

203. During the part of the sine curve where the current drops near maximum to 0, 
current in the shaded coil will again be: 

a. lagging 

b. opposed 

c. dropped 

d. induced 

204. Where are shaded-pole motors used? 

a . timing devices 

b. compressor motors 

c. large appii- ^^ces 
d . po^/"'' ^ i ..."^Is 

205. How are shaded-pole motors reversed? 

a. reverse the current 

b. reverse the brushes 

c. reverse field coils 

d. one shaded-winding is closed one shaded v^ir^ding is open 
78.01.08.Q6 

206. A shaded-pole motor consists of: 

a. two end bells, one stator, one rotor, and one set of brushes 

b. two end bells, two stators, and one rotor 

c. two end bells, one rotor, one stator, and one fan 

d. two end bells, one rotor, and one stator 
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207. Identify figure number 5 on the attached illustration: 

a. rotor 

b. end bell 

c. bearing 

d. stator 

208. Identify item number 2 on the attached illustration. 

a. stator 

b. winding 

c . end bell 

d. rotor 

209. All shaded-pole motors have rotors of what type? 

a. squirrel-cage 

b. slotted 

c. split-phase 

d. fast starting torque 

210. Why can only one end plate be removed on a shaded pole motor? 

a. it's part of the frame 

b. it's spot welded 

c. it has a special bearing 

d. it's part of the rotor 
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211. If a shaded-pole motor has poor starting torque, the trouble might exist in: 

a. the voltage being applied 

b. the load 

c. the field 

d. the armature 

212. If a shaded-pole motor is plugged with dirt, one symptom will be: 

a. change in polarity 

b. change in armature direction 

c. increased rpm 

d. poor torque 

213. When using a test lamp on an open-field coil of a shaded-pole motor, the light 
would: 

a. stay out 

b. glow brightly 

c. glow normally 

d. glow dimly 

214. How many phases does a shaded pole motor have? 

a. 2 

b. 1 

c. 3 

d. 4 

215. Windings in a s^^tor in a shaded-pole motor must be connected so what will 
deveic^^"^ 

a. alike polarity results 

b. variable polarity results 

c. consistant polarity results 

d. alternate polarity results 

78. 01 .08.08 

What method should be used to rewind a shaded-pole motor? 

a . set winding 

b. skein winding 

c. hand winding 
d . form winding 



216. 
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217. Why should insulating paper be placed on the corners of a shaded-pole motor 
or around its core? 

a. to prevent the coil from shorting 

b. to prevent damage to the armature 

c. to prevent the coil from grounding 

d. to prevent a blown fuse 

218. If after repairing a shaded-pole motor you find that the motor does not run, 
what may be the cause? 

a. magnetic flux lines are intersecting a 45^ 

b. loose bearings 

c. magnetic flux lines are parallel 

d. shorted field windings 

219* A shaded-poie motor has which of the foSlowing characteristics? 

a . very long I ife 

b. low starting torque 

c. high starting torque 

d. very high efficiency 

220. The stator on most shaded-pole motors is constructed with what type of core? 

n . laminated core 

b. solid core 

c. very soft non-metaiic core 

d. resistive non-metalic core 
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UNIT; ELECTRIC MOTOR FUNDAMENTALS 



RATIONALE : 

An electric motor is a machine that converts electrical energy to 
mechanical energy. Magnetism is used in the motor and generator for 
energy conversion. Understanding the characteristics of magnetism and 
how they are applied in the motor and generator is important for diag- 
nosing problems that may occur with generator and motor. 



PREREQUISITES : 

Appliance Repairman Course. 



OBJECTIVE : 

Identify and describe basic operational characteristics of simple and 
complex types of motors and generators, using schematic diagrams. 



RESOURCES : 



Printed Materials 



Electric Motor Repair . Second Edition, Rosenburg, Holt, Rinehart & 
Winston, 1970. 

Electricity . Dvorak, Brodhead-Garrett Company, 1969. 

Electricity and Electronics . Garrish, Goodheart-Wilcox Company, Inc., 
1968. 

Audio/Visual 

Dii^play Boards : 

1. Shaded-pole motor. 

2. Split-phase motor. 

3. universal motor. 

Super 8 Films from Hubbard Scientific Company, Northbrook, Illinois, 
1971. 

4 . Electric Generator . 

5. Electromagnetic Force . 

6. Electromagnetic Generator . 

Principal Author(s): t. Ziller 
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7 . E lectromagnetic Polarity . 

8. The Electromagnets . 

9. Electromotive Force . 
10. I nductive Field , 
11. 
12. 
13. 



Magnetic 


Fields . 


Maqnetic 


Fields . 


Maqneti c 


Poles. 



14. Poles Occur in Peirs . 

15. Reversinc^ Polarity . 

16. The Solenoid. 



Equipment 



Learning Unit, Electricity/Electronics, "C" Case-Combination, Portable, 
M^Sel BG850 A/C. Brodhead-Garrett , 161 Commerce Circle, Sacraxnento, 
California, 95815. 

Power supply, variable DC (0-25 volts). 
Equipment, special: chisel, coil stripping 

coil shapers 

insulation former 

winder, armature 

winder, coil. 



GENERAL INSTRUCTIONS ; 

This unit consists of 5 Learning Activity Packages (LAPs) . Each LAP 
^•11 provide specific information for completion of a learning activity. 

The general procedure for this unit is as follows: 



Read the first assigned Learning Activity Package (LAP) - 
Begin and complete the first assigned LAP. 



(1) 

(2) 

(3) Take and score the LAP test. 

(4) Turn in the LAP test answer sheet. ^ 2vp t^<^t 

5 Determine the reason for any missed items on the LAP test. 

6 Proceed to and complete the next assigned LAP in the units. 
W) CompieL. all required LAPs for the unit by following s.eps 

(8) Tak^hf unit test as c3escribod in the Unit LEG "Evaluation 
Procedures". 

(9) Proceed to the next assigned unit. 



PERFORMANCE ACTIVITIES : 

.01 Electromagnet 

.02 The Moving Coil 

.03 Electric Motor Operational Theory 

.04 Motor Construction 

.05 Types of Motors 
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EVALUATION PROCEDURE t 

When pretesting and post testing: 

1. The student takes the unit multiple-choice pretest. 

2. Successful completion is 4 out of 5 items for each LAP part of 
the test. 

FOLLOW-THROUGH : 

You may now begin the first LAP in this unit. Talk to your instructor 
if you need help. 



Studtnt: 
Data: 



File Code: 
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I . The ability of a material to permit the setting up of magnetic lines of force is 
cal led: 



a. reluctance 

b. permeance 

c. acceptance 

d. reliability 



2. The flux lines that represent magnetic force: 

a. are concentrated at the ends, or poles, of the magnet 

b. occur only at the magnetics ^ 

c. are uniformly distributed in the area surrounding the magnet 

d. follow straight lines 

3 . If the N pole of one magnet and the S pote of another magnet are brought close 
together: 

a. the lines of magnetic force will cross each other 

b. they will repel each other 

c. they will attract each other 

d. they will demagnetize each other 

4. The magnetic field that forms around a current-carrying conductor is: 

^. a series of closed circles running from end to end of the Conductor 

b. are parallel to the conductor 

c. a pattern of lines radiating out from the conductor 

d. a series of concentric circles, or rings, around the conductor 

5. To determine the direction of the magnetic field around a current-carrying 
conductor by means of the left-hand rule, you must know: 

a. the direction of the lines of force 

b. the direction of current flow in the conductor 

c. the magnitude of the current 

d. the number of turns per inch 
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6. According to Faraday's Law, the voltage generated by the relative motion of 
a conductor and a magnetic field is: 

a. indirectly proportional to the cross sectional area of the field 

b. directly proportional to the cross sectional area of the field 

c. directiy proportional to the rate at which the conductor cuts the lines 
of magnetic force 

d . always in the same direction, negative to positive 

7. When a circuit in which current has been flowing reaches a steady state and 
the switch is then opened, the magnetic field around the conductor starts to 
col lapse and: 

all current flow immediately ceases 

the voltage induced by the collapsing fioki lends to keep the circuit current 
flowing 

a resistance is set up by the induced voltage 
mutual inductance increases 

8. Which of the following are physical factors that affect inductance? 



a . 
b. 



c. 
d. 



a. flux density 

b. the applied voltage 

c. the amount of current flow 

d. the length of the coil 

9. The amount of inductance in a coil is: 

a. the resistance in a coil 

b. directly proportional to change in current 

c. a'- yy^ 'n reference tc polarity 

d. the number of turns in a coil 



10. The strength of induced voltage depends upon: 



^ir'n'um^er'Sf ^^e'tU lines of force cut by the coll an. the speed at which 

the conductor moves through the field 
c inverse mutual inductance ratio 
d' the battery applied to the generator 
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11 . Interpoles are used on large DC motors: 

a . to reduce the sparking as a result of commutation 

b. to increase the current in the armature 

c. to increase torque in the motor 

d. to reduce the torque in the motor 

12. A common method of splitting a single phase current to start a motor is: 

a. by c^ing a relay switch 

b. by using a capacitor 

c. by using a resistor 

d. by using an inductor 



Fig. 3 




13. Identify the schematic in Figure 3. 

a. syncro-motor 

b. series motor 

c. series-parallel motor 

d. variable starting resistance 
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Fig. 5 



1 
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14. Identify the schematic in Figure 5. 

a. split-phase motor 

b. repulsion induction motor 

c. shade pole motor 

d . syncro motor 

15. Motor starters are necessary on heavy duty motors: 

a. to release high voltage feed back 

b. to increase starting torque 

c. to increase starting resistance 

d. to bypass the capacitor 
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16. On the illustration of the repulsion type motor, which number would identify 
the armature? 



a. 3 

b. 1 

c. 2 

d. 4 



17. On the illustration of the polyphase motor, which number would identify the rotor? 



a. 3 

b. I 

c. 2 

d. 4 
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POLYPHASE MOTORS 




REPULSION-TYPE MOTOR 




A SPLIT PHASE INDUCTION MOTOR 
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78.01 .01 .04 (continued) 

18. On the illustration of the polyphase motor, which number would identify the 
balance and cooling fins? 

a. H 

b. ! 

c. 2 

d. 3 

19. On the illustration of a split phase motor, which numoer would identify the 
rotor? 

a. 2 

b. 1 

c. 3 

d. 4 

20. On the illustration of the DC motor and generator, which number wouid indentify 
the field windings? 

a. I 

b. 2 

c. 3 

d. 4 

78.01 .01 .0 5 

21 . What percent of the rotor speed in a capacitor start motor causes the switch 
to connect from the start to the run windings? 

a . 2 5% 

b. lOO-o 

c. 50% 

d. 75% 

22. A DC motor has a device that reverses the connection to t|-^o revolvincj conductors 
in the generator. What is the device called? 

a. fields 

b. brushes 

c. a commutator 

d . CO i 1 s 
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23. V/hat are the two principle classes of single phase 'nduction motors? 

a. spiit-capacitor and capacitor start 

b. split-phase and commutator 

c. capacitor run and capa::itor start 

d. repulsion and series 

24. A resistance start motor is a form of which of the following? 

a . capacitor start 

b. repulsion 

c. series 

d. split-phase 

25. A motor that \s commonly used in washing irjuchiruyo is calluc. '■\n\c\\ Ihe 
TO i lowing? 

a. universal start motor 

b. resistance start motor 

c. capacitor start motor 

d. repulsion start motor 
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Learoiiig Activity Package 



Date; 

PERFORMAWCEACTiVSTY: _f lectromagnet 

OBJECTIVE : 

Identify and describe the operational characteristics of an electro- 
magnet in a motor and generator. 

EVA-LUATION PI^OCEDURE: 

The description or tho electromagnot inc:lufU;:i t:lu' t:h<. ra(:t:.-r i s : i cs cj.VtMi 
on pages 60 and C^l of Electricity and F.loc troni^s . 

Successfully complete at lea.^t HO'-^. of the items on a mu 1 tip I (^-choi (:(^. 
test about this LAF- 

RESOUR C ES : 

Text: Electr icity and Electronics , Gerrish, Howard H. ; Goodheart-Wilcox 
Co., Inc., South Holland, Illinois, 1968, 

Ele ctricity , Dvorak, Neil; Drodhead-Garrett Co., Cleveland, Ohio, 
1969. 

Film 

Loops: Hubbard Scientific Company; Northbrook, Illinois, 1971. 

j'he E 1 ' : I \ omag ne t r: 
Elect romagnecio Por'jre 
Electromagnet Polarity 
Inductive Field 
Magnetic Fields 
Magnetic Poles 
Poles Occur in Pairs 
The Solenoid 

Equipment: DC power supply (variable) 

Electr icity /Electronics , "C" Case-Combination Learning 
Unit - Portable, Model BGB50A/C, Brodhead-Garre tt , 161 
Commerce Circle, Sacramento, California, 95015. 



Principal Authof(s): T. Zillor 
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PROCEDURE : 



1. 

2. 
3. 



4. 

5- 

e. 

7. 



EKLC 



Read and study carefully the information found in Electricit y 
and Electronics , Chapter 4, pp. 55-70. 

View film loops about electromagnet listed in the resources. 
Complete Experiments 19 and 20 on "Permanent Magnets'' and 
"Electromagnets'' in Dvorak's Electricity , pp. 19-1-1 to 20-1-7. 
Complete the attached response sheets for the experiments. 
Answer the attached "Review questions". 

Write a short description of an electromagnet, using simple 
schematics . 

Complete the multiple choice test items for this LAP. 
Check your answers with the test key. If your answers are all 
correct, record your time for completing this LAP on your SPR. 
If you have missed any questions, try to find out why you missed 
the test items. If you have any further problems, check vjith 
your instructor. When you have correctly completed all the test 
items, you may record your time on your SPR. 
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Response Sheet: Exper i ment 19, Permanent Magnets 

1. Induced Magnetism: What happen:, when you remove and bring the two 
nails head to point? 



A. What happens? 

B. Choose the correct answer. 

(1) attract, repal 

(2) attract, repel 

C. What two th-ings can you do to reverse the direction of the force 
if the magnets attract? 

2. Determine magnetic polarity. Did you reason correctly? Explain how 
you proceeded - 



3. Describe a mr^nn^tic field. 



4. MAGNETIC MATERIALS: List each of the material's characteristic under 
the following headings: 



Magnetic 



Non-Magnetic 
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A. Which material was most attractad to the magnet? 



REVIEW QUESTIONS: 

1. In the accompanying figure, a nail has been induced as a weak bar 
magnet by contact as shown. 

A. What pole is the nail head? 

B. What pole is the nai"! tip? 

C. Why? 



2. What is the true polarity of the north-seeking end of a compass needle? 
5. What is the general rule for interaction between magnetic poles? 

4. What is magnetic induction? 



. Would an el actrcmagnet work on AC? Try it. Why did the magnet 
behave as it did? 



6. riliy should a permanent irc^gnet always be stored with its keeper in place? 
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Response Sheet: Experiment 20, Electromagnets 

1. Magnetism from a single wire: Assemble the circuit in Figure 20-lA, 
placing the wire on top of the compass and oaraTiel to it with no 
current flowing. 

A. Adjust the power supply so that at least 7 amps of current flows. 
What direction is the compass deflected? 

B. Change the polarity of the power supply and repeat. 
Which direction is the compass now pointing? 

Z. Current and strength of field: Observe and compare the needle direction 
to the magnet current. 



3. Remove the core from LI. Now repeat the above steps. Observe the needle 
action and make a statement about air cores vs. iron cores. 



4. Ampere-turns: 

A. With only LI switched in, adjust the power supply to give a current 
of 2 Amps. Note compass deflection. 

B. Switch in ■ and increase supply output until 2 Amps is flowing. 
Nt^. c compass def i e^. Iiion in this case. 

C. Which coil gave the greatest deflection? 

D. Which coil has the greatest number of turns? 

5. Attraction and Repulsion of Electromagnets: Reverse the lead connections 
on one of the coils and depress SI. What happens? 



6. Representing the Magnetic rield: Sketch this result in the space provided. 
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REVIEW QUESTIONS: 

1. What electrical quantity affects the strength of an electromagnet. 

2. What two physical quantities affect the strength of an electromagnet? 

3. Define the term ampere-turn. 



4. if the current in an electromagnet wire doubled, but the number of 
wire turns was decreased by a factor of the magnet strength would 
a) double b) remains the same c) halve (d) none of these. 

5. Explain how coils aiding mean a higher strength magentic field. 



6. What effect do you think the iron core has on the magnetic lines of 
force? 



7. What effect do you believe a carbon core would have on electromagnetic 
strength? 



ERIC 



Date: 



Date Published; 



.LZ-ia^4_-. 




LA.PTEST: ELECTROMAGNET 
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The strength of the magneVic field at any point is indicated by the: 

a. magnitude of the line 

b. flux density 

c. field line force 

d. intensity of the cross sectional area 

The ability of a material to permit the setting up of magnetic lines of force 
is called: 

a . reluctance 

b. permeance 

c. acceptance 

d. reliability 

Magnetic lines of force always form complete loops, running from the north 
magnetic pole to the south magnetic pole. Thus: 

a. the lines are circular with a radius equal to it's length 

b. flux lines run from north to south inside the magnet 

c. there arc no flux lines within the magnetic material 

d. flux lines run from south to north inside the magnet 

When an iron washer is placed near a magnet: 

a. t^^ -f;o(4r-3tic iines of for-e pass through the washer 

b. the lines of force pass around the washer 

c. the tines of force will repel each other 

d. the lines of force will cross each other 

If the N pole of one magnet and the S pole of another magnc: arc brought c! 
together: 

a. the lines of magnetic force will cross each other 

b. they will repel each other 

c they will demagnetize each other 
d. they will attract Mch other 
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78.01 .01 01 Ccontinued) 

6. According to the magnetic domain theory of magnetism, the individual molecules 
in magnetic material: 



10 



a 



„ constitute individual magnets, with a north pole and a south pole 

b. are always aligned so that their individual magnetic domains are 
additive 

c. never align therefore some metals are easy to bend 

d. intensify when the material is wound in a coil 

The magnetic field that forms around a current-carrying conductor is: 

a a series of closed circles running from end to end of the conductor 

b. a series of concentric circles, or rings, around the conductor 

c. a pattern of lines radiating out from the conductor 

d . are perpendicular to the conductor 

To determine the direction of the magnetic field around a current-carrying 
conductor by means of the left-hand rule, you must know: 

a. the direction of current flow in the conductor 

b. the direction of the lines of force 

c. the magnitude of the current 

d. the number of turns per inch 

The magnetic field that forms around a straight conductor wire has no: 

a . flux density 

b. force 

c. direction 

d. polarity 

When a straight conductor is formad into a loop: 

a. only the north pole is created 
b the flux lines acquire direction 

c. the magnetic field around the conductor becomes siigh::/ stronger 
because the flux density is increased 

d. the magnetic lines of force spiral toward the center 
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LAP TEST ANSWER KEY: 78.01 .01 .01 .A2-2 



ELECTROMAGNET 



1 . B 

2. B 

3. D 

4. A 

5. D 

6. A 

7. B 

8. A 

9. D 
10. C 
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Learning Activity Pa€lcag< 



Studont: 

Date: _ 



PERFORMANCE ACTIVITY: 



The Moving Coil 



OBJECTIVE : 



Identify and describe the operational characteristics of a moving coil in 
a generator using simple schematic diagrams - 



E VALUATI ON PROCEDURE : 

The description of a moving coil in a generator it\cludo£^ tlie characteristics 
found in Electrici ty and Electronics . 

Successfully complete at least 80^ of the items on a multiple-choice test 
about this LAP. 



RESOURCES : 



Text: Electricity and Electronics. Gerrish, Howard H. , Goodhear t-Wilcox, 



Co., Inc., South Holland, Illinois, 1968, 



Film 



Loopsi Hubbard Scientific Company, Northbrook; Illinois, 1971. 



Electric Generator. 
Electromagnetic Generator. 
Electromotive Force . 
Tlie Hovinq Coil . 
k^-versi r..^ :'oiarity . 



procy-:dure: 



1. Read and study carefully the information found in Ele^trJ. 
Electronics , Chapter 5, pp. 71-86. 

2. View film loops about moving coils listed in the resources. 

3. Write a short description of a generator, using simple schematics. 

4. Complete the multiple-choice test items for this LAP. 

5. Check your answers with the test key* If your answers are all 
correct, record your time for completing this LAP on your SPR, If 
you have missed any questions, try to find out why you missed the 
test Lt-emo. If you have any furth.^r problemf:, clteck with your 
instructor. When you have corrtictly completed all the lei.^t items, 
you may record your time on your SPR. 

Principal Author(o): T. ziUer 
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LAP TEST: THE MOVING COIL 



78.01 .01 .02 

1 . In a circuit in which current has reached a steady flow and the magnetic field 
is steady, there is no voltage. Which requirement for inducing a voltage is 
lacking? 

a . a relative motion 

b. a conductor 

c . a magnetic field 
d . a circuit 

2. When a circuit in which current has been flowing reaches a stoddy slato and 
the switch is then opened, the magnetic field around the conductor starts to 
collapse and: 

a. all current flow immediately ceases 

b. the voltage induced by the collapsing field tends to keep the circuit current 
flowing 

c. a resistance is set up by the induced voltage 

d. mutual inductance increases 

3. Which of the following are physical factors that affect inductance? 

a. flux density 

b. the applied voltage 

c. the amount of current flow 

d. the lengtli of the core 

The amount of inductances in a coil is: 

a. the resistance in a coil 

b. directly proportional to change in current 

c. always in reference to polarity 

d. the number of turns in a coil 

5. If an increase in flux density increases the magnetic field, increasing 
permeability will: 

a. increase the magnetic field strength 

b. decrease the magnetic field strength 

c. not affect the nwignetic field strength 

d. decrease the flux density 
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78.01 .01 .02 (continued) 

6. Soft iron has; 

a. high permeability and high reluctance 

b. high permeability and low reluctance 

c. low permeability and high reluctance 

d. low permeability and low reluctance 

7. The purpose of the commutator is: 

a. to oppose any change in current 

b. to convert D.C.in the rotating armature to a pulsating A.C. current 

c. to eliminate brushes 

d . to convert A.C. in the rotating armature to a pulsating D .C . current 

8. A generator has a no-load voltage of 25 volts. When load is applied, terminal 
voltage drops to 24 volts. What is the percent at regulation? 

a. 50% 

b. 100% 

c. 4% 

d. 96% 

9. The strength of induced voltage depends upon: 

a. fields relative motion 

b. the battery applied to the generator 

c. inverse mutual inductance ratio 

d. the number of magnetic lines of force cut by the coil and the speed at 
which the conductor moves through the field 

10. Lenz't* ' --r^Les that the vytl^ao induced in a circuit by a changing current 
always opposes the change causing it. This statement is the bjsis f^r the 
explanation of the property of: 

a. capacitance 

b . reactance 

c . inductance 

d. resonance 
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LAP TEST ANSWER KEY: 78.01 .01 .02.A2-2 



THE MOVING COIL 



1 . A 

2. B 

3. D 

^. B 

5. A 

6. B 

7. D 

8. D 

9. D 
10. C 
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Leariiiog Aotivity Package 



Student: 



Date: 

PERFORMANCE ACTIVITY: Electric Mo tor Operational Theory 

OBJECTIVE : 

Describe the operational theory of an electric motor using simple 
schematic diagrams. Identify operational characteristics of electric 
motors . 

EVALUATION PROCEDURE ; 

The description of an electric motor includes the characteristics found 
in Electricity and Electronics , Score at least 80% on a written multiple 
choice test. 

RESOURCES : 

Text: Electricity and Electronics , Gerrish, Howard Goodheart- 
Wilcox, Co- , Inc. , South Holland, Illinois, 1968. 

Elect rici ty, Dvorak, Neil, Brodhc^ad-Garrett Co., Cleveland, 
Ohio, 1969. 

Equipment: Electricity/Electronics, "C" Case-Combination Learning 
Unit - Portable, Model BG850A/C, Brodhead-Garret t , 161 
Commerce Circle, Sacramento, California, 9581S. 

D.C. power supply (variable). 

PROCEDURE . 

1. Read and study carefully the information found in Electricity and 
Electronics , Chapter 9, pp. 136-151. 

2. Complete Experiments 39 and 40 on "Introduction to Motors." and 
"Universal Motors" in Dvorak's Electricity , pp. 39-1-1 to 40-1-4. 
Also complete the attached "Response Sheets" for the experiments- 

3. Answer the attached "Review Question^i". 

4. Write a short description of a motor/generator, using simple 
schematics - 

5. Complete the multiple-choice test items for this LAP. 

6. Check your answers with the test key. If your anr^wern are ail 
correct, record your time for completing liiis IiAP ot\ your SPR. 
If you have mit;sed any qut^stions, try to find out wliy you mij;f;rd 
the tent item..;. If you have ciuy furtht.^r [>roblems, check wiLh 
your instructor. When you have correctly completed all tho test 
items, you may recorti your time on your SPR. 

Principal Author (s): T, ziller 
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Response Sheet: Experiment 39, Introduction to Motors 

1. Magnetic Field Interaction: What difference, does thr^, position of the magnet 
make? 



2, Permanent Magnet Motor: 

a* Adjust the supply to 10 volts or whatever is needed for ample rpm. Note 
the line current at this speed. amps. 

b. Stop the motor by carefully handling the slip rings. What is this static 
current? amps. 

3, Coimnutation Angle: The brush assembly has been designed to rotate. While 
the motor is running, very slowly rotate the position of the brushes and 
note the motor speed. Adjust for maximum speed. 

4, Slowly remove the magnet from the base while the motor is running. Wliat 
happens . 



5. Reverse the position of the magnet. Wliat happens to the ^-Lrection of 
rotation? 



6. Turn S2 so that the motor comes up to full speed. Then switch the motor to 
the meter. What voltage does it register? 



What does this prove about somu motors? 
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REVIEW QUESTIONS: 

1. In the single wire-magnet experiment, what else besides reversing the position 
of the magnet could be done to change the direction of the force on the vrire? 



2» Explain the purpose of the commutator segments, 



3. How can a device that has been designed as a mor:or produce- a counter emf'.' 



4. In most experiments the motor gets warm- It would overheat if overloaded. 
Why? 



5. Based on your experience in Part 4» how does motor speed depend on field 
s tre^ngth? 



6, Why does motor current decrease as speed goes up' 
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Response Sheet: 

Experiment AO - Universal Motors 



1. a. How much currc s dravm at this applied voltage? 

b. Touch a pencil eraser to the slip ring. Can the series motor reasonably 
maintain its speed under load? 



2. Connect 10 VAC to the series connected motor. 

a. Does it run very well? 

b. Increase the voltage to 25 VAC Why should a motor with inductive elements 
require more voltage when run on AC? 

c. Observe the commutator for sparking. Wlilch type of op.-ration i.^ oasJer on 
these contacts — AC or DC? 

d. While the motor is running, slowly rotate the brusli assembly l;or maximum 
rpm. ts this commutation position (an^Je) the same (for maximum speed) as 
when the motor operated on DC? 



3. Shunt Wound Motor 

a. Gradually increase the voltage up to 10 volts. Is the motor rpm noticeably 
different from the series connected experiment at 10 volts? 

b. \«Jhat is the current at this applied voltage? 

c. As a load, touch the eraser end of a pencil to the slip rings. Does the 
shunt motor maintain its speed better than the series motor? 

d. Connect 10 VAC to the motor. Does it show any signs of running? 
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REVIEW QUESTIONS: 



1. Compare the shunt and series motor as far as: 



a. current drawn 

b. speed regulation urdar load. 

2. Find out why the shunt motor will not work on AC as the series type does- 
(Optional) 

3. Shoald the field of a series motor be made out of fine wire or heavy wire? 
Why? 

4. What possible advantages does an AC universal motor have over a series or 
shunt DC motor? 



What advantages does the DC motor have compared to an AC universaJ motor? 



5, should a ^ ow friction DC shunt motor run away when the field is lost? 
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LAP TEST: ELECTRIC MOTOR OPERATIONAL THEORY 



78.01 .01 .03 



1 . The purpose of the commutator in the D.C. motor is to: 

a. de-energize the coils flux lines 

provide a path to energize the armature 

c. mechanically position the armaiure in the stator 

d. discharge the capacitor in the motor circuit 

2. Interpoles are used on large D.C. motors: 

a. to reduce the sparking as a result of commutation 

b. to increase the current in the armature 

c. to ir\cr^:'^e. torque in the motor 

d. to reduce the torque In the motor 

3. If the starting winding were burned out in a split-phase motor, when the power 
is turned on it would: 

a. short circuit the winding 

b. not start 

c. ^Jurn out the run winding 

d. reverse the rotation 

^. A common method of splitting a single phase current to start a motor is: 

a. by using a relay switch 

b. by »'sinc! a capacitor 
by using a resistor 

d. by using an inductor 

5. If the load is removed from a series motor: 

a. it will decrease its speed 

b. it will run normally 

c. it will increase its speed 

d. it will destroy itself by centrifugal force 
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78.01 .01 .03 (continued) 



6. Identify the schematic in Figure 1 . 

a . dyna-motor 

b . parallel motor 

c. series motor 

d. syncro-motor 

7. Identify the schematic in Figure 2. 

a. syncro-motor 

b. compound motor 

c. parallel motor 

d. dyna-motor 

8. Identify the schematic in Figure 3. 

a. syncro-motor 

b . series motor 

c. series-parallel motor 

d. variable starting resistance 

9. identify the schematic in Figure 4. 

a. dyna-motor 

b. compound motor 

c. shunt motor 

d . series motor 
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Fig. 1 



Fig. 2 



Fig. 3 




Fig. 4 
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Fig. 5 




10. Identify tine schematic in Figure 5. 

a. split-phase motor 

b. repulsion induction motor 

c. shade pole motor 

d. syncro motor 
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LAP TEST ANSWER KEY: 78.01 .01 .03.A2-2 



ELECTRIC MOTOR OPERATIONAL THEORY 



1 . B 

2. A 

3. B 
H. D 

5. D 

6. C 

7. B 

8. D 

9. C 
10. A 
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Learning Activity Package 



Student: 
Date: _ 

PERFORMANCE ACTIVITY: Motor Construction 

OBJECTIVE : 

Identify the component parts of various motor types. 



EVALUATION PROCEDURE : 

Parts indentif ication must be without error. 

Successfully complete at least 80% of the items on a multiple-choice 
test about this LAP. 



RESOURCES : 

Motor display boards: Shade-pole mocor 

Split-phase motor 
Universal 



PROCEDURE : 

1. Label, using masking tape the component parts of each of the 
motors mounted on the motor display boards. 

2. Have your instructor check for proper identification. 

3. Complete ti^v. multiple-choice test items for this LAP. 

4. Ch:_.^ year answers wich the test key. If your answers are all 
correct, record your time for completing this LAP on your SIR. 
If you have any further problems, check with your instructor. 
When you have correctly completed all the tciit items, you may 
record your time on your SPR. 
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LAPTEST: MOTOR CONSTRUCTION 



78.01 .01 .04 



1 . On the illustration of the universal motor, what number would identify the 
field coils: 



a. 3 

b. 2 

c. 1 

d. 4 

2. On the illustration of the repulsion type motor, which number would identify 
the commutator? 

a. 4 

b. 2 

c. 3 

d. 1 

3. On the illustration of the repulsion type motor, which number would idontify 
the stator and winding? 

a. 3 

b. 1 

c. 2 

d. 4 

4. On the iliustraLir.n of the repulsion type motor, which number would identify 
the ar'..-tL;r c.' 

a. 3 

b. 1 

c. 2 

d. 4 

5. On the illustration of the polyphase motor, which number would identify Ihc 
balance and cooling fins? 



c. 4 

b. 1 

c. 2 

d. 3 
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78.01 .01 -OA (continued) 

6. On the illustration of the split phase motor, which number would identify 
the stator? 

a. 4 

b. 2 

c. 3 

d. 1 

7. On the illustration of the split phase motor, which number would identify the 
capacitor? 

a. 3 

b. 1 
c, 

d. 2 

8. On the illustration of a split phase motor, which number would identify the 
rotor? 

a. 2 

b. 1 

c. 3 

d. 4 

9. On the illustration of the DC motor and generator, which number would 
identify the laminated core? 

a. 2 

b. 1 

c. 3 

d. 4 

10. On the illustration of the DC motor and generator, which number would identify 
the brush and holder? 

a. 2 

b. 1 

c. 4 

d. 3 
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REPULSION-TYPE MOTOR 
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POLYPHASE mroRS 




A SPLIT PHASE INDUCTION MOTOR 




D. C. MOTOR AND GENERATOR 




LAP TEST ANSWER KEY: 78.01 .01 .04.A2-2 



MOTOR CONSTRUCTION 



1 . 


c 


2 . 


D 


3 

•J • 


c 


4 . 


A 
r\ 


5. 


D 


6. 


D 


7. 


D 


8. 


C 


9. 


B 


10. 


C 
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Learning Activity Package 



Student: > — 

Date: _ . 

PERFORMANCE ACTIVITY: „ Types of Motors 

OBJECTIVE ; 

Identify and describe the operational characteristics of various motor 
types . 

EVALUATION PROCEDURE : 

The descriptions of the motors include characteristics describod ir^ the 
resource . 

RESOURCES : 



Electr 



ic Motor Repair, Rosenberg R- , 2nd Edition, Rinehart Press, 1970. 



PROCEDURE : 

1 Read about split-phase motors pages 1-4. Universal motors pages 
254-257; shade-pole motors pages 265-268 and three-phase motors 
paqes 106-107 ir. Electric Motor Repair . 

2 write a short description of each of the following motor types: 
Universal; Shade-pole; Split-phase, Three-phase. 

3. Complete the multiple-choice test items for this LAP. 

4 Check your answers with the test key. If your answers are all 
cortec*-. record your tin>o for completing this rj\P on your SPR. 
If you have missed any question.., try l-o find out why you misp-d 
the test items. If you have any further problems, check with 
your instructor. When you have correctly compl-^ted all the tost: 
items, you may record your time on your SPR. 
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L/.P TEST: TYPES OF MOTORS 



78.01 .01 .05 



1 . What rotates in a shaded-pole motor? 



a. field coil 

b. armature 

c. squirrel cage 

d . sl-iade coil 



2. 



On a shaded-pole motor rotor what is the heavy copper loop called? 



a . r otcr loop 

b. shaded loop 

c. rotor ring 

d. shaded ring 



What percent of the rotor speed in a capacitor start motor causes the switch 
to connect from the start to the run windings? 



to connect 

a. 25% 

b. 100% 

c. 50% 

d. 75% 



A machine that converts mechanical energy to electrical energy is called: 



a . an armature 

b. a o'^ric; alor 

c. a motor 

d . a capacitor 



A DC motor has a device that reverses the connection to the revolving 
conductors in the generator. V/hat is the device called? 



a . 
b. 
c . 
d. 



fields 

brushes 

a commutator 

coils 
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78.01 .01 .05 (continued) 

6. A machine that converts electrical energy into mechanical e»)ergy is called: 

a . a generator 

b. a motor 

c . an alternator 

d . a capacitor 

7. A resistance start motor is a form of which of the following? 

a . capacitor start 

b. repulsion 

c. series 

d . split-phase 

8. If a resistor is wired in series with a start winding in a motor, what is the 
result? 

a. one phase is produced 

b. two phases are produced 

c. three phases are produced 

d. no result can be determined 

9. A motor that is commonly used in washing machines is called which of the 
followingi 

a. universal start motor 
b- capacitor start motor 

c. resistance start motor 

d. repulsion start motor 

10. Which r.. following aiot^r^ requires a continuous du'^y capacitor? 

a . split capacitor 

b. split capacitor start. 

c. split capacitor run 

d. variable capacitor start/run 
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LAP TEST ANSWER KEY: 78.01 .01 .05.A2-2 



TYPES OF MOTORS 



1. C 

2. D 

3. D 

4. B 

5. C 

6. B 

7. D 

8. B 

9. C 
10. A 



ERIC 



100 



6tuc!4nt: 
Dato: 



File Code: 



78.01 .01 .00.B2-2 



Date Publiihed: 12/1/75 




UNIT POST TEST: ELECTRIC MOTOR ' ---^^A.^^ENTALS 



78.01 .01.01 



1 . The flux lines that represent magnetic force: 

a. follow straight lines 

b. occur only at the magnetics 

c. are uniformly distributed n the area surrounding the magnet 

d. arc concentrated at the ends, or poles, of the magnet 



2. 



3. 



The lines of force that form a magnetic field around a magnet have polarity; 
this means that they: 

a. are triangular in shape 

b. radiate out in straight lines perpendicular to the surface of the m^ignet 

c. flow in a complete circuit around the magnet 

d. flow from one pole of the msgnet to the other 

When several loops are made in a conductor to form a coll, the polarity of the coil: 

a depends on the direction in which the conductor is coiled around the core 

b . is the same as the polarity of the current flowing through the conductor 

c. is given by the left-hand rule for conductors 
d . is never north 

4. An "induced current" can be produced by: 

a. vector quant-ties 

b. rei^'.- . e motion 
a conductor 

d. electromagnetic field 



5. The left-hand rule for coils tells us the direction of: 



a . the flux lines circling 

b. the N pole of the coil 

c. current flow through the conductor 

d. flux density 
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6. According to Faraday's law, the voltage generated by the relative motion of a 
conductor and a magnetic field is: 

a. indirectly proportional to the cross sectional area of the field 

b. directly proportional to the cross section area of the field 

c. directly proportional to the rate at which the conductor cuts ir.^. lines 
of magnetic force 

d. always in the same direction, negative to positive 

7. The flux density of a coil is inversely proportional to: 

a. the reluctance of the core 

b. the permeability of the core 

c. the diameter of the core 

d. the field of the core 

8. The purpose of the commutator is: 

a. to oppose any change Sn current 

b. to convert D-C in the rotating armature to a pulsating A-C current 

c. to eliminate brushes 

d. to convert A-C in the rotating armature to a pulsating D^C current 

9. How may output of generator be controlled when operating at constant speed? 

a. voltage regulator 

b. slow down the speed of the current flow 

c. reverse the rotation of the generator 

d. use a varispeed control device 

10. Which of the following core materials would produce the strongest magnetic 
field Tor a giveM coil? 

a . air 

b. soft iron 

c. aluminum 
d . carbon rod 

78.01 .01 .03 

11 . Why is the term "end play" important? 

a. because the end plates may press against the coils and cause a short 

b. only because of the run winding 

c. only because of the start winding 

d. because of insulation paper 
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78.01 .01 .03 (continued) 
12. The generator action in a motor is: 

a. constant rotation of the armature in a motor 

b. conductors '"utting through a magnetic field 

c. counter electro motive force generated 

d. not possible in a motor 

IS. Total current used by the motor is determined by: 

a. the power reduction raiio 

b. the field and armature currents 

c. the constant speed oi :he motor 

d. the percent of speed regulation 



Fig. 6 




loton 



14. Identify the schematic in Figure 6. 

a . series motor 

b. dyna-motor 

c. capacitor-start split-phase motor 

d. poly-phase motor 

15. Motor starters are necessary on heavy duty motors: 

a. to release high voltage feed back 

b. to increase starting torque 

c. to increase starting resistance 

d. to bypass the capacitor 

78.01 .01 -04 

15. On the illustration of the universal motor, which number would identify the 
carbon brush? 
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a. 3 

b. 2 

c. I 

d. 4 
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78.01 .01 .on (continued) 

17. On the Illustration of the universal motor, which number would identify the 
commutator? 

a. 2 

b. 1 

c. 4 

d. 3 

18. On the illustration of the universal motor, which number would identify the 
armature? 

a. 4 

b. 3 

c. 5 

d. 2 

19. On the illustration of the polyphase motor, which number would identify the 
stator? 

a. 2 

b. 1 

c. 3 

d. 4 

20. On the illustratjon of the DC motor and generator, which number would identify 
the field windings? 

a. 1 

b. 2 

c. 3 

d. 4 

78.01 .01 .05 

21. What are the two classes of polyphase induction motors? 

a. squirrel cage and wound rotor 

b. split phase and capacitor start 

c. wound rotor and syncronous 

d. squirrel cage and shaped pole 

22. What device is used in a capacitor start motor to connect the AC voltage from 
the start to the run winding? 

a . resistor 

b. capacitor 

O c. centrifugal switch 

ERIC 
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78.01 .01 .05 (continued) 

23. What percent of the rotor speed in a capacitor start motor causes the switch to connect 
from the start to the run windings? 



24. What are the two principSe classes of single phase induction motors" 

a. split-capacitor and capacitor start 

b. split-phase and commutator 

c. capacitor run and capacitor start 

d. repulsion and series 

25. Which of the following motors requires a continuous duty capacitor? 

a . split capacitor 

b. split capacitor start 

c. spirt capacitor run 

d. variable capacitor start/ run 



a . 



c. 



25% 
100% 
50% 
75% 
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UNIT: REWINDING 



RATIONALE: 



All electric motors will some day need repair. There are several types 
of xnotors. The motor r-pair person will be asked to strip, insulate, 
wind and Fake internal connections. In order to do these tasks the 
repair person needs to Yxio^ about the types of motor construction 
characteristics. Techniques and skills must be developed for rebuilding 
a motor. 



PREREQUISITES : 

Unit 78.01.01-: Electric Motor Fundamentals. 



OBJECTIVES : 

Remove, wind and install stator and armature windings that meet given 
motor specification. 



RESOURCES : 



Electric Motor Repair . 
& Winston, 1970. 



Printed Materials 
Second Edition, Rosenburg, Holt, Rinehart 

Audio/Visual 



Display Boards : 

1. Shaded-pole motor, 

2. Split-phase motor. 

3. Universal motor. 



Equipment 



Cutter, pipe 

Equipment, special: chisel, coil stripping 

coil shapors 
insulation former 
slotter-s'jrapcr 
winder, armature 
winder, coil 

Principal Author {$): t. Ziller 
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Equipment, test: growler, internal and external 

meter* volt-olim 
Motor # electric: three-phase 

split-phase induction 
capacitor start 
repulsion 
direct current 
universal 
shaded-pole 
Oven, pegs, dowel (assortment) 
Tools, basic: box, tool (18 x 8 x 9) 
chisel, cold 
crimpers, lug 
cutters , diagonal 
gauge , circular 
hacksaw 

hammer, ball peen 
nut driver set 
plier , arc joint 
plier, coil tamping 
plier , lineman' s 
plier, long chain-nose 

plier, snap-ring (internal and external) 

puller, pulley 

punch, center 

screwdriver , blade (set) 

wire skinner/straightener 

wrench, locking plier 



GENERAL INSTRUCTIONS ; 

This unit consist of 6 Learning Activity Packages (LAPs) . Each LAP will 
provide specific information for completion of a learning activity. 

The general procedure for this unit is as follows: 

^1) Read the first assigned Learning Activity Package (LAP). 
(2/ Begin and complete the first assigned LAP. 

(3) Take and score the LAP test. 

(4) Turn in the LAP test answer sheet. 

(5) Determine the reason fov any missed items on the LAP test. 

(6) Proceed to and complete the next assigned LAP in the unit. 

(7) Complete all required LAPs for the unit by following steps 
3 through 6 . 

(8) In this Unit, there are some LAPs that have tests conibincd 
with other LAP tests. These combined tests are taken after 
completing the last LAP covered by the test. 

(9) Take the unit tests as described in the Unit LEG "Kvaluation 
Procedures'* . 

(10) ProccHHl to t ht» i\t>xt .^^J:•>i(JUt*(i \init. 



ERIC 

, 109 



Page 3 



78.01 02.00. A2-1 



PERFORMANCE ACTIVITY : 

.01 Taking Data about the Motor 

.02 Stripping the Arme.ture and Stator Windings 

•03 Insulating the Stator and Armature 

.04 Winding Stator Coils 

.05 Winding Armature Coils 

.06 Baking and Varnishing 



EVALUATION PROCEDURE : 
When pretesting: 

1. The student takes the unit multiple-choice pretest. 

2. Successful completion is 4 out of 5 items for each LAP part 
of the pretest. 

3. The student then takes a unit performance test if the unit 
pretest was successfully completed. 

4. Satisfactory completion of the performance test is meeting 
the criteria listed on the performance test. 

When post testing: 

1. The student takes a multiple-choice unit post test and a unit 
performance test. 

2. Successful unit completion is meeting the listed criteria for 
the performance test. 



FOLLOW-THROUGH : 

You may now begin with the first LAP in this unit. Talk to your 
instructor if you need help. 
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UNIT PRETEST: REWINDING 



78.01 .02.01 

1 . On a motor, the number of slots separating the sides of a coil, including 
the slots in which the winding lies, is called: 



a« 
b. 

c . 
d. 



turns 
pitch 
slots 

end room 



2. How is the span of a coil in a motor recorded? 

a . a pencil or pen 

b. not necessary 

c. 1-4 or 2-6 or as the case may be 
d . 1 -32 or 2-36 as the case may be 

3. When working on a motor, how do you get information on the number of 
turns of wire? 

a . you guess at it 

b. it is stamped on the frame 

c. you count each coil 

d. it is stamped on data plate 

4. When is the proper time to start recording data for three-phase motor? 

a. jucL wh.en the instructor is watching 

b- after it is completed 

c. as soon as you put it on the work bench 

d . not necessary 

5. In a three-phase motor, all the coils have the same: 

a. bearings 

b. pitch 

c. coils 

d. poles 
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78, 01 > 02,02 

6. While stripping the stator on a motor, why is it Important to count the 
turns of wires and number of coils per pole? 

a. to check the manufacturer's specifications 

b. to get it on the data card, so when it is rewound, it will have the 
same number of turns per pole 

c. to guard against a change in polarity 

d. because when it is rewound. It should have 5 less coils p^r pole than 
are unwound 

7. How much heat is needed to burn the stator on a motor? 

3. the stator is made to withstand any temperature 

b. approximately 200 degrees C. 

c. approximately 100 degrees C. 

d. approximately 400 degrees 

8. If the burning method is used, why is it very important that the stator 
on a motor be allowed to cool gradually? 

a. it costs money to cool it rapidly 

b. it is not necessary 

c. it prevents warping 

d. so that the stator doesn^t get burned 

9. One method of stripping a stator is to: 
a . cut both side*=^ off 

b. cui e^^-h coil on one side and pull the coil out the other 

c. pull 

d. cut each coil on one side and pull 

10, When stripping a motor, why should one coil be saved? 

a. to be reused when the motor is rebuilt 

b. to provide the dimensions for the new coils 

c. because the new coils must be wound in reverse of the old ones 

d . to provide a guide for installing the new coils 
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11 . What type of slot does this drawing represent in a motor? 

a. semiclosed stator 

b. rotor 

c. open slot stator 

d. stator 

12. If nece.ssary, mylar combination could be used for what insulation type class 
on a motor? 

a. A 

b. B-H 

c. B-F 

d. B 

13. When reinsulattng a core on a motor, if the insulation paper is to be cuffed, 
how much longer than the slot will it have to be? 

a. 1/4 inch 

b. 1/8 inch 

c. 5/8 inch 

d. 1/2 inch 

m. When rewinding a motor, the insulation paper is cut longer than the slot by: 

a . 1/8 inch 

b. 1/4 inch 

c. Ml inch 

d. 5/ to inch 

15, When reinsulating a core on a motor, the cuff should be turned back: 

a . 1/4 inch 

b. 5/8 inch 

c. 1/2 inch 

d. 1/8 inch 
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16. What is the easiest way to rewind the stator on a motor, if it has been charred? 

a. cut off flush on one end of stator coils and pull 

b. unwind each wire at a time 

c. cut each end of the coils and pull 

d. cut only one end of each coil and pull 

17. What is commonly used to determine which form should be used when rewinding 
the stator on a split phase motor? 



ERIC 



a . a form gauge 

b. a wire gauge 

c. a single strand of wire 

d. a flexible tube 

18. When using wood forming blocks for shaping coils for the stator on a split- 
phase motor, approximately what depth should the wood blocks be in relation 
to the stator slots? 

a. 1/2 of the slot depth 

b- equal to the slot depth 

c. 3/4 of the slot depth 

d . 1/4 of the slot depth 

19. What is one of the primary advantages of skein winding over other types of 
winding in a split-phase motor? 

a. less power will be used when operating the motor 

b. higher voltage is obtained 

c. lower voltage is obtained 

d. a\^r.y coi-iductors may be placed in the s;ot at one time 

20. Skein coils, when installed in a split phase motor, must be placed in what 
way in the slots? 

a. from the smallest pitch to the largest 

b. from the largest pitch to the smallest 

c. from the center pitch to the smallest 

d. from the center pitch to the largest 
78.01.02,05 

21 What is the primary purpose of an interpole field coil on a DC motor? 

a . prevent arching of the brushes 

b. increase horsepower 

c. increase motor starting torque 

d. decrease friction in the motor 

114 



Page 5 



78.01 .02.00.A2-2 



78,01 ,02>05 (continued) 

22. Series field coils consist of which of the following in a DC motor? 

a. light wiro with many turns 

; b. heavy wire with many turns 

c. heavy wire with a few turns 

d. light wire with a few turni: 

23. Shunt fields in a DC motor consist of which of the following? 

a. heavy wire with a few ti«rns 

b. light wire with a few turns 

c. light wire with many turns 

d. heavy wire with many turns 

2U. How are field coils connected in a DC motor? 

a. so all poles have the same polarity 

b. so alternate polarity exists 

c. so all poles have negative polarity 

d. so all poles have positive polarity 

25. If the shunt field comes into contact directly or indirectly with the 
series field in a DC motor, which of the following will develop? 

a. direct short 

b. more horsepower 

c. less horsepower 

d. more starting torque 

78.0 1 .02,06 

Before dipping, the stator from a motor should be placed in a baking 
oven for: 

a . 10 minutes 

b. 45 minutes 

c . 60 minutes 

d . 30 minutes 

When varnishing a motor, many shops do not have a baking oven and they 
a harder finish than air drying varnish. They would use: 

a. lead varnish 

b. synthetic AC 43 

c. solventless epoxy resin 

d . orange varnish 

115 
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29. 



30. 
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01 ,02. 06 (continued) 

Immediately after removing the stator of a motor from the varnish dip 
tank, the stator is placed in the oven: 

ij. just before It slops dripping 

b. just after it stops dripping 

c. yes 

d. no 

What will help decrease the moisture content in the windings of a stator on a 
motor? 

a. dripping 

b. baking 

c. varnishing 

d. baking and varnishing 

Approximately how long must the winding of a motor soak in solvent? 

a . two hours 

b. one hour 

c. 30 minutes or until bubbling ceases 

d. 30 minutes 
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PERFORMANCE ACTIVITY: Taking Data About the Motor 



OBJECTIVE : 



Date Published: . 2-18-76 



ge 



Student: 
Date: _ 



Identify and record pertinent data for rewinding various motor types. 
EVALUATION PROCEDURE : 

Score at least 80% on a written multiple-choice test. 



RESOURCES : 

Electric Motor Repair , Rosenburq, Robert; 2nd Edition, Rinehart: Press, 
San Francisco, 1970. 



Assor 



tment of mofor {polyphase, roi>ulsion and split-phase) displays 



PROCEDUI^: 



1. 
2. 

3, 

4. 

5. 



Read pages 5-9 in Lilectric Mo tor j^oj^jair . 

Record data about a split-phase motor using tiie attaehod data 
sheet for split-phase motor. 

Record data about a polyphase motor using the attached data 
sheet for polyphase motor. 

Record data ab^^ut a repulsion motor using the data sheet for 
the r^,. u i ^.^ on motor . 
Take the LAP test. 



Principal Author(s): t. Ziller 
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DATA SHEET FOR POLYPHASE MOTOR 



H.P. / 0 


R.P.M. (p 


VOLTS ^nj^/v/^ 


AMPS. /J^ 


CYCLE L> ^ 


TYPE P 


FRAME J/l - // 


STYLE C<5>v/. 


TEMP. (^0** C 


MODEL p/1- -IL 


SERIALNO. /y^O 7V(- 


PHASE J 


NO. OF COILS S'^ 
Sl/L Willi o2 0 
COILS/GROUP J 


NO. OF SLOTS J" ^ 
NO. 01 rUHNS 6^ 
NO. OF POLES Ip 


CONNECTION Si Y 
NO. Oh (illOUPS /<P 
PITCH OF COIL 14 2 



DATA SHEET FOR POLYPHASE MOTOR 



MAKE 



NO. OF COILS 



Sl/l Willi 



rr>^/-^S/GttOUI' 

cKLC 



HP. 




VOLTS 


AMPS. 


CYCLE 


TYPE 


FRAME 


STYLE 


TEMP. 


MODEL * 


SERIAL NO. 


PHASE 



NO. OF SLOTS 



NO. 01 UJIINS 



NO. OF POLIS 



CONNECTION 



NO 01 (;iioup:i 



pnCH OF COM. 
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DATA SHEET FOR SPLIT-PHASE MOTOR 



R.P.M. 



VOLTS 
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AMPS. 



CLE 0 fl; 



TYPE 



FRAME l"? iO 3 L - Sl 



S.F. 



MP. RISE C 



MODEL :il?/AK 



SERIAL NO. 



/V// 



PHASE 



/ 0 



). OF POLES </ 



CODE R - 3 3 



NO. OF SLOTS 3 6 



TIME RATING C^n /. 



iNOING 


SIZEWIRE 


NO. OF CIRCUITS 


PITCH 


TURNS 


INNING 




/ 


/-f 




ARTING 




/ 


I-? / l-IO 


jf- ^2- n - J a 



OT NO. 



1 2 3 4 5 6 7 8 9 10 H 12 U 14 15 16 17 18 19 20 21 22 23 24 25 26 27 26 29 30 31 32 33 34 35 36 I 

5 



JNNtNG 



rn 




r 



r 



r 



rr 



r 



1 



1 



A 



1\ 



ARTING 



£13 



ROTATION 



COUNTER CLOCKWISE 



DATA SHEET FOR SPLIT-PHASE MOTOR 



!AKE 



l.P. 



R.P.M. 



VOLTS 



AMPS. 



YCLE 



rEMP. RISE 



^0. OF POLES 



;lot NO. 



RUNNING 



STARTING 



ERIC 



TYPE 



FRAME 



S.F. 



MODEL 



SERIAL NO. 



PHASE 



CODE 



NO. OF SLOTS 



TIME RATING 



VtNOING 


SIZE WIRE 


NO. OF CIRCUITS 


PITCH 


TURNf; 


lUNNlNG 










STARTING 











1 2 3 4 5 6 7 8 9 10 n 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3b 36 1 



ROTATION 



CLOCKWISE COUNTER CLOCKWISE 



Date: 



^, ^ ^ 78.01.02.01 .A2-2 
File Code: 

Date Published: _^ 1?-18-7Jt 




LAP TEST: TAKING DATA ABOUT THE MOTOR 



78.01 .02.01 



1. Identify the information necessary in taking data for the rewinding of a motor 

a . none of these 

b. obtain information on both the run and start windings 

c. note specific information concerning the old windings 

d. obtain as much data as possible 

2. What information would you put on your data sheet if the start winding on a 
molor was shorted? 

^. don't put anything on the data sheet 

b. . put just the start winding on the information sheet 

c. put just the run winding on the data sheet 

d. put both the run winding and start winding information 

3. How should the absence of the odd-sized slot on a motor be marked? 

a. center punch mark in the center s5ot of each pole 

b. on! / when center slot is odd-sized 

c. don't worry about it 

d. only when start winding is to bo changed 

4. Why is taking the proper data when working on a motor important? 

a. it is just something we do in schools 

b. it orried paper work to increase the price it costs the consumer 

c. so that no difficulty wit! be encountered upon reassembly 
d- it is not needed 

5. On a motor, the number of sJots separating the sides of a coil . including 
the slots in which the winding lies, is called: 



a . 
b- 
c. 
d. 



turns 
pitch 
slots 
end room 




1 2 1 
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6. How is the span of a coil in a motor recorded? 



78.01 .02.01.A2-2 



a . a pencil or pen 

b. not necessary 

c. 1-4 or 2-6 or as the case may be 

d. 1-32 or 1-36 the case may be 

7. What is meant by the pitch of a coil on a motor? 

a. the number of siots separating the sides of a coil 

b. the number of groups of coils 

c. the number of degrees they are apart 

d. how far the coil protrudes from the slots 

8. When working on a motor, how do you get information on the number of turns 
of wire? 

a. you guess at it 

b. it is stamped on the frame 

c. you count each coil 

d. it is stamped on data plate 

9. In a three-phase motor, all the coils have the same: 

a. bearings 

b. pitch 

c. coils 

d. poles 

10. Should the wire size be written on a data card, when repairing an inductor 
motor? 

a. no :s not important 

t, yes, wire size determines total cost 

c. no, wire size has nothing to do with motors 

d. yes, the specifications call for it 
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LAP TEST ANSWER KEY: 78.01 .02 .01 .A2-2 



TAKING DATA ABOUT 11TE MOTOR 



1 . c 

2. B 

3. A 

4. C 

5. B 

6. C 

7. A 

8. C 

9. B 
10. B 
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Mouuuin-PtiAinA KflucMtiun & 
l*>(iiu>uiic [>rvel<>pment 
Procrani. Inc. 

(iluKiiiiw At'll. Montttnn 69231 




rile Code: _ 78.01,Q2,02,A2- 0_ 
Date Publishad: ZzJi^SL^lI^ 



Studofit: 
Date: _ 



PERFORMANCE ACTIVITY: Stripping the Armature and Stator Windings 



OBJECTIVE ; 

Given a motor, strip the stator windings following practices and 
procedures accepted in the industry. Identify stripping procedures and 
their purposes . 



EVALUATION PiROCEDURE ? 

Stator and armature stripping is evaluated by performance test at the 
end of this unit. Successfully complete at least 80% of ti.e items on a 
combined multiple-choice test about this and one other LAP. The combined 
LAP test is taken after completing LAP "Insulating the Stator and 
Armature" . 



RESOURCES: 

Electric Motor Repair , Ros enbur g - 
hand too Is 



PROCEDURE : 

1. Read pp. 9-12 and pp. 108 and 109 in Electric Motor Repair. 

2. Obtain the tools required to strip the stator of its windings. 

3. Strip the stator of the given motor. 

NOTE: If you have any difficulty or questions always check with 
your instructor. 

KEY POINT: Be sure you follow the procedure described in the text 
concerning the collection and recording of da^a motor 
information. If data information is inaccurate, you 
will not be able to repair the motor. 

4. When you have stripped the stator, go to the instructor for evaluation, 

5. Read pages 181 and 182 in Electric Motor Repair . 

6. Obtain the tools required to strip the armature of its windings. 

7. Strip the armature of a given motor. 

8. Take the LAP test. 



Principal Author(a): T. ziller 
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DATA SHEET FOR SPLIT-PHASE MOTOR 



MAKE 



H.P. 


R.P.M. 


VOLTS 


AMPS. 


CYCLE 


TYPE 


FRAME 


S.F. 


TEMP. RISE 


MODEL 


SERIAL NO. 


PHASE 


no. OF POLES 


CODE 


m. OF SLOTS 


TIME RATING 


WINDING 


SIZE WIRE 


NO. OF CIRCUITS 


PITCH 


TURNS 


nUNNING 










STARTING 











SLOT NO. 



RUNNING 



STARTING 



12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 1 



ROTATION 



CLOCKVVISE 



COUNTER CLOCKWISE 



DATA SHEET FOR POLYPHASE MOTOR 



MAKE 



NO OF COILS 



Sl/l Willi 



I! 
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coiLsyonour 



NO. OF SLOTS 



NO. Ul lUIINS 



NO. OF POLES 



H.P. 


R.P.W. 


VOkTS 


AMPS. 


CYCLE 


TYPE 


FRA^E 


STYLE 


TEMP. 


r.10DEL 


SERIAL NO. 


PHASE 
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CONNECTION 



NO 01 MIOUPS 



PITCH OF COIL 



c., p . 78.01.02.03.A2-0 
File Code: 
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Student: 
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PERFORMANCE ACTIV8TY: Insulating the Stator and Armature 



OBJECTIVE : 



Given the necessary tools, equipment, and supplies, correctly insulate 
the armature and stator of a motor to meet the standards of the manu- 
facturer and follow procedures accepted in the industry. Identify 
procedures for insulating windings and characteristics of insulation. 



EVALUATION PROCEDURE : 

Insulation installation meets the criteria on the checklist. Score at 
least an 80% on a multiple-choice test. 



RESOURCES : 



E lectric Motor Repair , Rosenburg . 

Insulation former assortment of dowel pegs 

paper cutter slotter/scraper 



PROCEDURE : 

1. Read pp. 12-13 and p- 109 in Electric Motor Re pai^. 

2. Obtain the necessary tools and equipment required to insulate 
a given stator - 

NOTE: Be sure you follow the procedures described in the attached 
' checklist: "Stator and Armature Insulation." (Caution: 
Follow data sheet information very carefully) 

3. When you have completed all the steps necessary on the checklist 
to complete this job, go to the instructor for evaluation. 

4. Insulate the given armature using the attached checklist for 
procedure. 

5. Have the armature insulation installation evaluated by the instructor. 

6. Take the LAP test. 



PrincipaJ Author(s): T. Ziller 
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CHECKLIST: STATOR AND ARMATURE INSULATION 



1. Clean the slots using a slotter-scraper . 

2. If insulation is to be cuffed go to step 4. If not cuffed take 

step 3. 

3 Cut insulation to length and width. 

' (Length is cut h inch larger than slot length; width is cut 

Jj inch wider than two times the depth plus the width of the 
slot.) Go to step 6. 

4 Cut insulation length 1 inch larger than slot length. Cut 
insulation width h inch wider than two times the depth plus 

the width of the slot. 

5. Use the insulation frames to put cuffs on the insulation strips. 

6. Place insulation strips in the slots. 

7. Form the strips to the slot walls with a dowel. 
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LAP TEST: STRIPPING THE ARMATORE AND STATOR WINDINGS/ 
INSULATING THE STATOR AND ARMATURE 



78.01.02.02 

1 . While stripping the stator on a motor, why is it important to count the turns 
of wires and number of coils per pole? 

a. to check the manufacturer's specifications 

b. to get it on the data card, so when it is rewound, it wili have the same 
number of turns per pole 

c to guard against a change in polarity 

d. because when it is rewound, it should have 5 less coils per pole 
than are unwound 

2. If only the start winding on n motor is to be changed, you should: 

a. cut one end of each coil and pull 

b. change both start and run windings 

c. lift out the start winding and remove the wedges with a hacksaw 

d. remove the wedges and lift out the start winding 

3. How long should the stator on a motor be on the burning pit? 

a. 30 minutes 

b. several hours 

c . one hour 

d . 24 hours 

^. If the burning method is used, why is it very important that the stator on a 
motor be allowed to cool gradually? 

a . it costs money to cool it rapidly 

b. it is not necessary 

c. it prevents warping 

d. so that the stator doesn't get burned 

5. When stripping a motor, why should one coil be saved? 

a. to be reused when the motor is rebuilt 

b. to provide the dimensions for the new coils 

c. because the new coils must be wound in reverse of the old ones 

d. to provide a guide for installing the new coils 
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6. When insulating a motor stator, when would you use a paper cutter? 

a. to cut insulation only to be cuffed 

b. to cut insulation to proper width 

c. to cut the cuff only 

d. to cut only the wedges 

7. If necessary, mylar combination could be used for what insulation type class 
on a motor? 

a. A 

b. B-H 

c. B~F 

d. B 

8. Class A insulation is used when rewinding a motor and is made of: 

a. ragstock paper 

b. heavy paper 

c. dacron-mylar 

d. mylar 

9. When rewinding a motor, the insulation paper is cut longer than the slot by: 

a . 1/8 inch 

b. 1/4 inch 

c. 1/2 inch 

d. 5/16 inch 

10. What is the purpose of a feeder strip on a motor? 

a . it is never used 

b. It is used on the run winding 

c. it is used on the start winding 

d. it covers the edges of the slot 
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LAP TEST ANSWER KEY: 78.01 .02 .02 .A2-2/78.01 .02 .03.A2-2 
STRIPPING THE ARMATURE AND STATOR WINDINGS/INSULATING THE STATOR AND ARMATURE 



1 . 


B 


2. 


D 


3. 


B 


4. 


C 


5. 


B 


6. 


B 


7. 


A 


8. 


A 


9. 


B 


10. 


D 



I 



File Codo: 7fl . 01 , 02 . 04 ■ A2-Q 




OBJECTIVE : 

Given the necessary tools, equipment and supplies, wind the stator co 
of a motor to the recommended specifications of the manufacturer, and 
follow procedures accepted in the industry. Identify procedures for 
winding stator coils. 



EVALUATION PROCEDURE : 

Winding skills are evaluated on a unit performance test. Successfully 
complete at least 80% of the items on a combined multiple-choice test 
about this and one other LAP. The combined LAP test is taken after 
completing LAP "Winding Field Coils"- 



RESOURCES ; 

Electric Motor Repair . 

Checklist: Winding the Stator Coils 

motor stator coil shaper 

coil winder olimmeter 

growler 



PROCEDURE : 

1. Read pages 13-16 and pages 109-111 in Electric Motor Repair . 

2. Rewind a stator using the appropriate tools. 

3. Check your stator coil following the attached "Checklist: Winding 
Stator Coils". 

4. Have your instructor inspect the rewound motor's stator. 

5. Take the LAP test. 




Principa! Author U): T. zillcr 
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CHECKLIST: WINDING STATOR COILS 

1. Use coil winder hand, or skein for winding coils (size of 
stator coil obtained from original) . 

2. Use correct size magnet wire (size of stator coil wire 
obtained from original) . 

3. Wind stator coil using same number of turns as the original. 

4. Use shaping tool to form stator coil, 

5. Check mc-nufacturer ' s specifications for proper connection. 

6. Check for shorts, (ohmmeter) 

7. Check for an open, (ohmmeter) 

8. Check for grounds, (ohmmeter) 

9. Connect coil to 6 volt battery; use a compass to check polarity. 
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OBJECTIVE ; 

Given necessary tools, equipment, and supplies wind the armature coils 
of a motor. Identify procedures for winding armature coils. 



EVALUATION PROCEDURE! 



winrlina skills are evaluated on a unit performance test. Successfully 
co^^lete at least 80. of the items on a multiple-choice tost about th.s 



LAP. 



RESOURCES ; 

Electric Motor Repair , Rosenburg, Robert; 2nd Edition. 
Checklist: Winding Armature 

motor armature ohinmeter 
armature winder growler 



PROCEDURE : 

1 Read pages 86-91, 173-180 and 258-260 in Electric Motor Repai£; 
rSer to figures indicated in illustration soctxon of the book 

2. re^indlnlrmrt^re coil using the attached "Checklist: Winding 

Armature Coils" . 

3. Have your instructor inspect the rewound armature. 

4. Take the LAP test- 
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CHECKLIST: WINDING ARMATURE COILS 

1. Use armature coil winder or hand wind (size arrature coil 

obtained from original) . 

2. Use correct size magnet wire (size of armature coil wire 
obtained from original) . 

3. Wind armature coil using same number of turns as the original. 

4. Check manufacturer's specifications for proper connection. 

5. Check for shorts. (ohmraeter or growler) 

6. check for an open. (ohmmeter or growler) 

7. Check for grounds. (ohmmeter or growler) 
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LAP ?:*EST: WINDING STATOR COILS /WINDING ARMATURE COILS 



78.01.02,04 

1 . What is the easiest way to rewind the stator on a motor, if it has been charred? 

a. cutoff flush on one end of stator coils and pull 

b. unwind each wire at a time 

c. cut each end of the coils and pull 

d. cut only one end of each coil and pull 

2. Before winding a motor, which of the following should be completed first? 

a. remove end bells 

b. collect necessary data 

c. remove stator 

d. insulate slots 

3. What is commonly used to determine which form should be used when rewinding 
the stator on a split phase m.otor? 

a . a form gauge 

b. a wire gauge 

c. a single strand of wire 

d. a flexible tube 



5. 



When using wood forming blocks for shaping coils for the stator on a split phase 
motor, approximately what depth should the wood blocks be in relation to the 
stator slots? 

a. 1/2 of the slot depth 

b. equal to the slot depth 

c. 3/4 of the slot depth 

d. 1/'-^ of the slot depth 

In a skein winding, which of the following is of prime importance, when winding 
the stator of a motor? 

a. radius must be exact 

b. circumference must be exact 

c. shape (round) must be exact 

d. shape (rectangular) must be exact 
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6. In a motor, ail the coils are wound with the same size: 

a. start winding is different 

b. magnetic wire 

c. each set of coils is a different size 

d. leads 

7. When rewinding the shunt field coils on an electric motor, how should the 
number of turns be determined? 

a. the turns should be estimated by using an ohmmeter 

b. the turns should be counted 

c. the turns should be estimated 

d. the coils should be weighted 

8. Series field coils consist of which of the following in a DC motor? 

a. light wire with many turns 

b. heavy wire with many turns 

c. heavy wire with a few turns 

d. light wire with a few turns 

9. Shunt fields in a DC motor consist of which of the following? 

a. heavy wire with a few turns 

b. light wire with a few turns 

c. light wire with many turns 

d. heavy wire with many turns 

If the shunt field comes into contact directly or indirectly with the --ries 
field in a DC motor, which of the following wMI develop? 

a . direct short 

b. more horsepower 

c. less horsepower 

d. more starting torque 
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LAP TEST ANSWER KEY: 78.01 .02 .04.A2-2/78.01 .02.05.A2-2 



WINDING STATOR COILS /V3INDING ARMATURE COILS 

.AP .04 1. A 

2. B 

I 3. C 

H. C 

5. B 

.AP .05 6. B 

7. D 

8. C 

9. C 
10. A 
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PERFORMANCE ACTIVITY: 



Baking and Varnishing 



Student: 
Date: _ 



OBJECTIVE ; 

Given the necessary tools, equipment, and supplies, correctly varnish 
and bake the windings of a motor according to: (1) manufacturer's 
specifications and (2) following procedures and practices accepted in 
the industry. Identify the procedure for baking and varnishing windings 
and identify the characteristics of varnishes. 



EVALUATION PROCEDURE : 

Baking and varnishing skills are evaluated on the unit performance test. 
Successfully complete at least 80% of the items on a multiple-choice 
test about this LAP. 



RESOURCES: 



Motor sta tor/armature. 

Electric Motor Repair , by Robert Rosenburg. 
baking oven 



PROCEDURE : 

1 Read -^aqiss 20-21 and 1R5-186 in Electric M otor Repair. 

2 Insulate stator following the procedures on the attached "Chr-cklist 
Baking and Varnishing." (Caution: Be sure of proper ventilation 
and observe fire precautions during the dipping and dying process) . 

3. Take the LAP test. 




Principal AuthorU): t. zil ler 
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CHECKLIST: BAKING AND VARNISHING 

1. Bake at 250° F the armature or stator to eliminate moisture 
for an hour. 

2. Spray, brush or dip windings in varnish until air bubbles 
disappear, 

3. Hang for air drying or bake at 250° F for about 3 hours. 

4. Remove excess varnish with lathe or scrraper. 
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LAP TEST: BAKING AND VARNISHING 



78.01 -02,06 



1 . Before dipping, the stator from a motor should be placed in a baking 
oven for: 

a. to minutes 

b. 45 minutes 

c. 60 minutes 

d. 30 minutes 

2 . At what approximate temperature should the stator on a motor be preheated? 

a. 200 degrees F. 

b. 112 degrees F 

c. 250 degrees F 

d. 250 degrees C 

3. When varnishing a motor, the entire process of dipping or trickling the 
varnish should take no longer than: 

a. 5 to 10 minutes 

b. 20-30 minutes 

c. 15-20 minutes 

d . 10-15 minutes 

4 When varnishing a motor, many shops do not have a baking oven and they 
want a harder finish than air drying varnish. They would use. 



a . 
b. 
c . 
d 



lead varnish 
synthetic AC 13 
solventless epoxy resin 
orange varnish 



When varnishing a motor, a type of varnish that does not require baking is: 



a. orange varnish 

b. resin varnish 

c. air drying varnish 

d. polyester varnish 
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6. Immediately after removing the stator of a motor from the varnish dip tank, 
the stator Is placed in the oven; 

a. just before it stops dripping 

b. just after it stops dripping 

c. yes 

d. no 

7. When do you varnish the new windings in a stator of a motor? 

a* after installing the windings in the stator and before installing flexible 
flexible leads 

b. after installing the windings, completing a test and installing flexible 
leads 

c. after installing the windings in the stator 
d- before installing the windings in the stator 

8. What will help decrease the moisture content in the windings of a stator on 
a motor? 

a. dripping 

b. baking 

c- varnishing 

d. baking and varnishing 

9. Approximately how long must the winding of a motor soak in solvent? 

a . two hours 

b . one hour 

c. 30 minutes or until bubbling ceases 

d. 30 minutes 

10. What purpose does preheating the varnish for a motor serve? 

a. increases penetration of the varnish 

b. stops the varnish from running off the winding 

c. removes moisture 

d. removes moisture and increases penetration of the varnish 
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LAP TEST ANSWER KEY: 78.01 .02 .06.A2-2 
BAKING AND VARNISHING 

1 . C 

2. C 

3. B 

4. C 

5. C 

6. B 

7. B 

8. D 

9. C 
10. D 
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UNIT POST TEST: REWINDING 



78.01 .02.01 

1 . What are the consequences of incorrect data, when working on a motor? 

a. the motor would run counter-clock wise 

b. if the windings are in the wrong location, a motor may not start properly 

c. you remember how it's done, so you don^t need the data 

d. the motor would run too slowly 

2. Why is the term "end room" important, when taking data on a motor? 

a. only because of the run winding 

b. only because of the start winding 

c. because the end plates may press against the coils and cause a short 

d. because of insulation paper 

3. What information would you put on your data sheet if the start winding 
on a motor was shorted? 

a . don't put anything on the data sheet 

b. put just the start winding on the information sheet 

r. put just the run winding on the data sheet 

d. put both the run winding and start winding information 

4. What is meant by the pitch of a coil on a motor? 

a. the number of slots separating the sides of a coil 

b. the PMmber of groups of coils 

c. the number of degrees they are apart 

d. how far the coil protrudes from the slots 

5. When is the proper time to start recording data for three-phase rector? 

a. just when the instructor is watching 

b. after it is completed 

c. as soon as you put it on the work bench 

d. not necessary 



EKLC 



1A3 



Page 2 



78.01 .02.00.B2-2 



78>01>02.02 

6- If only the start winding on a motor is to be changed, you should: 

a. cut one end of each coi! and pull 

b. change both start and run windings 

c. lift out the start winding and remove the wedges with a hacksaw 

d. remove the wedges and lift out the start winding 

7. How much heat Is needed to burn the stator on a motor? 

a. the stator is made to withstand any temperature 

b. approximately 200 degrees c 

c. approximately 100 degrees c 

d. approximately 400 degrees c 

8. While stripping the stator on a motor, should you check wire size? 

a, yes, you have to to determine new winding sizes 

b. no, anyone can guess the wire size 

c, sometimes you should just in case you lose the stator 

d. never. It's not that Important 

9. One method of stripping a stator is to: 

a. cut both sides off 

b. cut each coil on one side and pult the coil out the other 

c. pull 

d. cut each coil on one side and pull 

10. When stripping a motor, why should one coil be saved? 

c. to be reused when the motor is rebuilt 

b. to provide the dimensions for the new coils 

c. because the new coils must be wound in reverse of the old ones 

d. to provide a guide for installing the new coils 
78>01>02>03 

n . What type of slot does this drawing represent in a motor? 

a. semiclosed stator 

b. rotor 

c. open slot stator 

d. stator 
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12. The best procedure to follow when reinsulating a core on a motor is to: 

a. it isn't necessary to reinsuiate the core 

b. replace it wiih thinner insulation than was originalfy used 

c. replace it with thicker insulation than was originally used 

d. replace it with the same type and thickness of insulation as used in the 
original winding 

13. When reinsulating a core on a motor, if the insulation paper is to be cuffed, 
how much longer than the slot will it have to be? 



14. 



a. 1/4 inch 

b. 1/8 inch 

c. 5/8 inch 

d. 1/2 inch 



What type of insulation is used when reinsulating a core on n motor because 
it is resistant to high temperature and has high tensile strength? 



a . rag-stock paper 

b. mylar combination 

c. nylon paper 

d. dacron-mylar 

15. When reinsulating a core on a motor. 



the cuff should be turned back: 



a. 1/4 inch 

b. 5/8 inch 

c. 1/2 !r.ch 

d. 1/B inch 



78.01.02.04 

16. What two ways are usually used to measure wire for a motor? 

a. micrometer and depth gauge 

b. American screw gauge and depth gauge 

c. American wire gauge and feeler gauge 

d. micrometer and wire gauge 
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78.01>02>04 (continued) 

17. Which of the following ways of winding will produce the tightest winding 
possible? 

a. skein 

b. form winding 

c. motor winding 

d. hand winding 

18. What is one of the primary advantages of skein winding over other types of 
winding in a split phase motor? 

a. less power will be used when operating the motor 

b. higher voltage is obtained 

c. lower voltage is obtained 

d. many conductors may be placed in the slot at one time 

19. Skein coils, when installed in a split phase motor, must be placed in what way 
in the slots? 

a. from the smallest pitch to the largest 

b. from the largest pitch to the smallest 

c. from the center pitch to the smallest 

d. from the center pitch to the largest 

20. Which of the following types of windings should not be used, if the wire size 
is over 21 A.W .G . ? 

a . hand 

b. firm 

c. skein 

d. rTiac^^ine 
78 >02>02>05 

In a motor, all the coils are wound with the same size: 

a. start winding is different 

b. magnetic wire 

c. each set of coils is a different size 

d. leads 

What is the primary purpose of an interpole field coil on a DC motor? 

a. prevent arching of the brushes 

b. increase horsepower 

c. increase motor starting torque 

d. decrease friction in the motor 
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23. Interpole fields in a DC motor consist of which of the following? 

a. heavy wire with a few turns 

b. heavy wire with many turns 

c. tight wire with a few turns 

d. light wire with many turns 

24. How are the coils connected in a DC motor? 

a . so all poles have the same polarity 

b. so alternate polarity exists 

c. so all poles have negative polarity 

d. so all poles have positive polarity 

25. Most generally, the poles in a DC motor are connected: 

a . in a series 

b. in a parallel 

c. in a series parallel 

d. alternately series than parallel 

78.01 .02.06 

26. Before dipping, the stator from a motor should be placed in a baking oven fc 

a . 10 minutes 

b. 45 minutes 

c. 60 minutes 

d . 30 minutes 

27. When v^-ni.-hing a motor, n ^ype of varnish that does not require baking is: 

a . orange varnish 

b. resin varnish 

c. air drying varnish 

d. polyester vars-^ish 

28. Immediately after removing the stator of a motor from the varnish dip tank, 
the stator is placed in the oven: 

a. just before it stops dripping 

b. just after it stops dripping 

c. yes 

d. no 
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78.01 .02.06 (continued) 

29. When do you varnish the new windings in a stator of a motor? 

a. after installing the windings in the stator and before installing 
flexible leads 

b. after installing the windings, completing a test and installing flexible leads 

c. after installing the windings in the stator 

d. before installing the windings in the stator 

30. What will help decrease the moisture content in the windings of a stator on a 
motor? 

a. dripping 

b. baking 

c. varnishing 

d. baking and varnishing 
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REWINDING 
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Pile Code: 78.01 .02.00.B2-2 
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ANSWERS 



.02.01 ^- B 78.01.02.05 21. B 41. 

2. c A 42. 

3. B 23. A 43. 

4. A 24. B 44. 

5. c 25. A 45. 

I. 02.02 6. D 78.01.02.06 26. C 46. 

7. D 27. C 47. 

8. A 28. B 48. 

9. B 29. B 49. 

10. B 30. D 50. 

II. 02.03 11. C 31. 51. 

12. D 32. 52. 

13. D 33. . 53. 

14. C 34. 54. 

15. D 35. 55. 

01.02.04 16. D 36. 56. 

17. D 37. 57. 

18. ° 3B. 5H. 
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Student: 
Dato: 



File Code: 78.01 .02.00.AT-5 
Date Publuhed: 11/15/74 




Family Pay Mumber; 



Sex: M F (Circle 1) 



UNIT PERFORMANCE TEST: REWINDING 



OBJECTIVE 1 : 

Given a malfunctioning stator and field coil, the student will rewind the stator 
and field coil so that it functions according to the manufacturer s specifications, 
following safe practicas and procedures. 

OBJECTIVE 2 : 

Using appropriate equipment, the student will rewind a faulty stator and field 
coi 1 . 

OBJECTIVE 3 : 

Using appropriate tools and test equipment the student will take shorts and 
open tests. 



TASK : 

The student will rewind a stator and field coil and, in the process, he will make 
shorts and open and grounding tests, using appropriate test equipment. 



ASSIGNMENT : 



CONDITIONS : 

The student will be given a malfunctioning stator and field coil (it may be 
bugged by the instructor or it may be one brought in by a customer.) He wil be 
reauired to rewind the stator and field coil in conditions similar to those n a 
[y?ica1 mo?or rlpair shop. He will be allowed to use any and all tools, equipment, 
service manuals, text books, etc., commonly found in a repair shop. He must 
coSete it In a reasonable length of time with no assistance from the instructor(s) 
Q nr students. 

loo 
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RESOURCES : 
Tools: 

Internal -external snap ring pliers 

7 Piece nut driver set 

Tool box 18 X 8 X 9 

Circular gauge 

Hacksaws 

Pulley puller 

Arc joint pliers 

Lineman's pliers 

Diagonal cutting pliers 

Long chain-nose pliers 

Locking plier wrench 

Coil tamping pliers 

4-Piece standard set screwdrivers 

Center punch 

Cold chisel 

Ball peen hammer 

Lug crimpers 

Wire skinner and straightener 

Equipment: 

Coil stripping chisel 
Armature winder 
Coil winder 
External Growler 
Insulation former 
Coil shapers 
Stator 
Field Coil 

'^' ^El ectric^Motor Repai r . Rosenburg, Robert, 2nd Ed., Rinehart Press, San 
Francisco, 1970 
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OVERALL PERFORMANCE: 



SsiKtont: - 

D«8: . 

Family Pay Number: 

PERRDRMANCE CHECKLIST: 
tisfactory Unsatisfactory 



File Cod«: 78.01 .02.00.A1-5 
Dflto Publbhed: 11/15/74 

Sex: M F (Circle 1) 



CRITERION 
Met Not Met 



Objective 1: 






1. Follows safe practices and procedures. 






Criterion: No injury results to the student or the 






equipment and complies with OSHA requirements 






2. Follows proper procedures for disassenffcly. 






Criterion: No damage results to the stator or field coil 






3. Rewinds a stator and field coil. 






Critericn; Wh^n repairpd. thp stator or field roil funct 


ons 




accordinq to the manufacturer's specification: 


1 m 




4. Reassembles the stator and field coll properly. 






Criterion: Functions according to the manufacturer's 






specifications and the procedures followed aq 


*ee 




with those described in the service llteratur 






5. The repaired stator and field coil is repaired in 






a neat, professional manner. 
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CRITERION 
Met Not Met 



Criterion: No damage results to the stator and field 






coil such as opens and short?. 






6. All connections and fasteninqs are oroDerlv completed. 






Criterion: The stator and field coil connections complies 






with the manufacturer's specifications. The 







connections are mprh;4ni rally fastPnpH and 






Structurally sound. The connection is 






electrically fastened and free of defects. 






7. Stator or field coil functions ^irrnrdin^ to the 






manufacturer's specifications. 




— 


G^iterionr Manufarturer'^^ <;pprifi rations 





_ 


' 8. Uses appropriate repair part and supplies. 


, 





Criterion: They match exactly those listed in the 







manufacturer's specifications . 







Objective 2: 







9. Uses coi 1 -stripping tool to remove coils. 






Criterion: Proper equipment application results in a 






defect-f rae operative motor. 






10. Uses armature winder, if aooroDriate- when winding 






the armature. 







5 78.01 .02.00. Al-5 

(Checklist continued) 

CRITERION 
Met Not Met 



Criterion* Prooer eQuioinent aoDli cation results In a 






defect-free operative motor. 






n. Uses coil winder, when windina field coil 






Criterion: Proper equipment application results in a 






defect-free operative motor. 






12. Uses insulation former » when insulating. 






Criterion: Proper equipment application results in a 






defect-free operative motor. 






13. Uses coil shaper^on the field coils. 






Criterion: Proper equipment application results 1n a 






defect-free operative motor. 







I ^ ' -.- - — - 

Objective 3: 






14. Test for grounds, using growler or ohmmeter. 






Criterion: Trouble-shooting techniques reveal the 






malfunction, as identified by Assignment Sheet. 




15. Test for shorts in the fipld coils* usino a arowler. 






16. Test for shorts in the stator coil, using arowler. 






! 17. Test for an ooen field coil or stator using an 






ohmmptpr. 






Criterion: Trouble-shooting techniques reveal the 
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(Checklist continued) 



malfunction, as identified by Assignment Sheet. 






18. Job is completed in a reasonable amount of time. 






Criterion: Not to exceed 4 hours. 












The student must successfully complete 16 out of 18 line items 






to achieve an overall score of satisfactory. 


































- - 


1^ . • ■ 

1 






. _ 
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- 
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CRITERION 
Met Not Met 



ERIC 



155 



File Code: 78.01.03.00.A2-1 
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UNIT: SPLIT-PHASE INDUCTION MOTORS 



RATIOMALE : 



The '-jplit-phase induction motor is used as a drive motor in many 
appliances on the market. Because these appliances are so commonly 
used, a motor repairman must know how to repair their mechanical devices 
and electrical systems. 



PREREQUISITES : 

Unit: 38.01.02. Rewinding 



OBJECTIVE : 

Troubleshoot, repair, and rewind split-phase induction motors using 
appropriate tools, equipment, and procedures. Identify parts, oper- 
ational characteristics and procedures for diagnosis and repair of 
split-phase induction motors . 



RESOURCES : 



GENERAL INSTRUCTIONS : 

This unit consist of 5 Learning Activity Packages (LAPs) . Each LAP wi] 
provide specific information for completion of a learning activity. 

The general proftdure for this unit is as follows: 

(1) Read the first assigned Learning Activity Package (LAP). 

(2) Begin and complete the first assigned LAP. 

(3) Take and score the LAP test. 

(4) Turn in the LAP test. 

(5) Determine the reason for any missed items on th--^ LAP test. 

(6) Proceed to and complete the next assigned LAP in the unit. 

(7) complete all required LAPs for the unit by following steps 
3 through G. 

(8) Take the unit tests as described In the Unit LEG "Evaluation 
Procedures" . 

(9) Proceed to the next assigned unit. 



Principal Author(s): T. Ziller 

156 



Page 2 



78.01.03.00.A2-1 



PERFORMANCE ACTIVITIES i 
.01 Work Order, 

.02 Operation of the Split-Phase Induction Motor. 
.03 Split-Phase Induction Motor Construction. 
!o4 Troubleshooting Split-Phase Induction Motors. 
.05 Repairing Split-Phase Induction Motors. 

EVALUATION PROCEDURE : 
When Pretesting: 

1. The student takes the unit multiple-choice pretest. 
2! Successful completion is 4 out of 5 items for each LAP part 
of the pretest. 

3. The student then takes a unit performance test if the unit 
pretest was successfully completed. 

4, Satisfactory completion of the performance test is meeting 
the criteria listed on the performance test. 

When post testing: 

1. The student takes a multiple-choice unit post test and a unit 
performance test- , 

2. Successful unit completion is meeting the listed criteria for 

the performance test. 
FOLLOW-THROUGH : 

After completing this guide, you are ready to begin the first LAP. Your 
instructor will help you with any questions you may have. 
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Student: File Coda: 78 . 01 ■ 03 ■ 00.A 2-2 

Deta: Data Publiihad: 12-1 2-7^ 




UNIT PRETEST: SPLIT-PHASE INDUCTION MOTORS 



78.01 .03.01 

1 . What is the purpose of the completion date on a work order for a split-phase 
induction motor? 



a. so the customer can't complain 

b. always leave blank 

c. only used if it's routine 

d. to inform customer the day the job was completed 

2. The job description on a work order for a split-phase induction motor is: 

a . not required 

b. a description of the customer 

c. a description of the trouble 

d. a description of parts used 

3. What purpose does a work order for a split-phase induction motor serve? 

a. it is a record for the instructor to know who did the work 

b* it is a record of what's been done, who did it. and who it belongs to 

c. it is added paper work 

d. it is so a more accurate inventory can be kept 

^. What is meant by total cost on a work order for a split-phase inductiori motor? 

a. cost of two or more parts 

b. grand total 

c. cost of each 

d. cost of all parts used per unit cost 

5. Should you always double check the customers description of the malfunction 
on a work order for a split-phase induction motor? 



a. only on certain occasions 

b. the customer is always right 

c. only if the customer requests it 

d. yes, to verify the malfunction 
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78.01 .03.02 

6. What is the function of the centrifugal switch on a split-phase induction motor? 

a. connects the start winding to run winding when it reaches approximately 
75% of full speed 

b. to disconnect the start winding when it reaches approximately 75% of full 
speed 

c. to disconnect the run winding when it reaches approximately 75% of full speed 

d. to connect the run winding to start winding when it reaches approximately 
75% of full speed 

7. On a split-phase induction motor which end plate should be taken off first? 

a » bottom plate 

b. front end plate 

c. shaft end plate 

d. rear end plate 

8. Which end of a split-phase induction motor has two punch marks on the stator 
housing? 

a. the rear endplate 

b. the shaft end 

c. both ends 

d . on the shaft 

9. How would you change the lotation on this split-phase induction motor? 



10. Where is the squirrel cage winding found on a spMt-phase induction motor? 
(see Figure #1) 



a. T8 to T5,TI to T4 

b. T8 to T4, Tl to T4 

c. T8 to Tl, T4 to T5 

d. T8 to Tn, Tl T5 




a . 



c . 



3 
4 
7 
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SPLIT PHASE IWDUCTtON MOTOR 

Diagram 1 for question 10 
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78.01 .03.03 



11. The start winding on a split-phase induction motor is located between, 

a. 4-5 _L_[ ' 

b. 3-4 

c. 1-2 

d. 1-4 2 _ 

XZ^:^ 4 

12. How many sets of winding on a split-phase induction motor make one pole? 



a. 3 

b. 2 

c. 4 

d. 1 



13. The centrifugal switch on a split-phase induction motor is represented between: 



a. 1-4 

b. 1-2 

c. 4-5 

d. 3-4 

14. On a split-phase induction motor, why is there more current on the initial 
start than after it is running? 



a. the windings are in parallel 

b. the windings are in series 

c. it has the same amount of windings in the start as run windings 

d. it has more windings in the start winding than the run 

15. The run winding on a split-phase induction motor is located between: 

a. 3-4 

b. 1-4 

c. 4-5 

d. 1-2 

78.01 .03.04 

16. A broken centrifugal switch will cause the split-phase induction motor to: 



a. not start 

b. slow in starting 

c. run faster than normal 

d. run slower than normal 
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78.01 ,03.04 (continued) 

17 . If the split-phase induction motor won't start, it is probably a: 

a . loose bearing 

b. loose end bell 

c. bad start winding 

d. bad run winding 



18. 



19. 



20, 



In the schematic below, the split-phase induction motor: 

To line 

a. is in starting position 

b. has reached 75% of normal speed j.^^ 

c. none of the above 

d. reached 25% of normal speed 



If a shaft on a split-phase induction motor does not rotate freely, this indicates: 

a. rotor out of balance 

b. too much end play 

c. bad bearings 

d. centrifugal switch closed 

In which schematic below is the split-phase induction motor \u the starling 
position? 



a. 1 

b. 3 

c. 2 

d. n 



3 



MP. 



78.01 .03.05 



21 . How is a skein winding made on a split-phase induction motor? 



a. 
b. 
c. 
d. 



the coils are formed on blocks than laid into the slots, one at a time 
one wire is laid into ec ch coil slot at a time 
one long coil is formed on two pegs 
one wire is laid into the slots, at a time 
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78.01 .03.05 (continued) 

22. Each pole of a split-phase induction motor covers: 

a. 160 electrical degrees 

b. 180 electrical degrees 

c. 120 electrical degrees 

d. 90 electrical degrees 

23. Voltage changes by means of reconnectlons on a split-phase induction motor a 

a . always possible 

b. not always possible 

c. on four pole series connected motor 

d. on six pole series connected motor 

24. In rewinding a split-phase motor, the turns ratio depends on: 

a . span of the coil 

b. the number of turns per coil 

c. the pitch 

d. the cord factor 

25. A skein winding on a split-phase induction motor is used mainly for: 

a . run windings 

b. start windings 

c. both run and start windinos 

d. deceleration windings 
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Occupational Area: 
File Code: 
Name: 



UNIT TEST ANSWER SHEET 

UNIT PRETEST: SPLIT-PHASE 
INDUCTION MOTORS 

7S. 01 .03.00. A2-2 



rs. 01. 03. 01 



?8. 01. 03. 02 



I 



8.01 .03.04 



I 

I 
I 
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File Coda: 78 . 01 . 03 . 01 . A2-0 




Learning Activity Package 



Studont: 



Date Published: 



2-20-76 



Date: 



PERFORMANCE ACTIVITV: Work Order 

OBJECTIVE ! 

Properly fill out a work order - 

Identify the types of work order entries and their purpose. 
EVALUATION PROCEDURE : 

Correctly answer at least 80% of the multiple-choice test itoms. 
Completed work order must meet the criteria of the attached checklist. 

RESOURCES : 

Work order (example attached) 
NOTE ; Multi-copies 
Checklist 

PROCEDURE: 



1. Obtain a copy of a work order card. 

2- Using the checklist, fill out attached work ordt^r form, 

3. Have the instructor evaluate the completed form. 

4. Take t^c iJ^y tost. 



Principal Author(s}: t. zilier 



steps 
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Work Order Checklist 

The following are steps to check when filling out a work order. 

1. Fill in work order niimber. 

2. Fill in date received (the day the motor comes into the 
shop) . 

3. Fill in date the job is completed (when completed). 

4. Fill in customer's naune and address. 

5. Enter type of equipment, telephone number, model and 
name . 

6. Briefly describe the malfunction- 

7. Estimate cost of material and hours to complete job. 

8. Enter the total hours it took you to complete the job. 

9. Number of hours times labor per hour (enter this total 
in Block 11) . 

10. Enter all material used to repair motors (example: 

2 ea. bearing EM249 Unit cost 83 cents. Total coats 
$1.66) . 

11. Name of person completing work. 

12. Instructor's signature upon completion and final check 
out. 
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MOUhTTAIN PLAINS 
1 . Work Order 



2. Date Received 



9. Estimated Cost 



Building Trades 
3. Needed By 



4 . Completed 



Departmen t 90 

5 . Customer 

6, Address 



7 . Telephone 



8. Job Description 



Labor per hour $8 . 00 



10. Number Hours 



11. Total 



12. Numt^er 



Material Description 



Unit Cost Total Costs 



14. Completed By 



15, 



( ins tructcr*.s signature) 



13. Grand Total 



(Participant's Signature) 
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Studont: 
Data: 



File Code: 



78.01 .03.01 .A2-2 



Date Published: 



12-19-7^ 




LAP TEST: WORK ORDER 



78.01 .03.01 



1 . What Is the purpose of the completion date on a work order? 

a. so the customer can't complain 

b. only used it its routine 

c. always 5eave blank 

d. to inform customer the day the job was completed 

2. On a work order the job description is: 

a. a description of the trouble 

b. a description of the customer 

c. not required 

d. a description of parts used 

3. Should you always double check the customers description of the malfunction 
on a work order? 

a. only if the customer requests it 

b. the customer is always right 

c. yes, to check for accuracy 

d. only on certain occasions 

4. On a work order is it necessary to know the number of hours worked on a 
project? 

a. r.o, it is part of parts c^st 

b. yes, for self satisfaction 

c yes for totaling labor costs on grand total 

d" only if you are trying to do it faster then someone else 



5. What is meant by total cost on a work order? 

a . total cost 

b. cost of all parts used per unit cost 

c. cost of each 

d . grand total 
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78.01 >03.01 (continued) 

6. When do you fill out a work order card? 

a. after the motor is left in the shop and the customer is gone 

b. after it is tested 

c. while the customer is present 

d. never 

7. Whose telephone number is used on the work order? 

a. your home number 

b. the shop's number where you are working 

c. not required 

d. customer's number 

8. What is meant by unit cost on a work order? 

a . cost of two if two are used 

b. total cost 

c. cost of each item 

d. grand total 

9. Why is the date received important on a work order? 

a. you work on the oldest routine order 

b. it is used only if it's routine 

c. it makes no difference 

d. you always leave blank 

10. When would you put something in the '^needed by" block on a work order? 

a. if it's needed immediately 

b. only if it is routine 

c. always fill it in 

d. you always leave blank 
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LAP TEST ANSWER KEY: 78.01 .03.01 .A2-2 



WORK ORDER 



1 . D 

2. A 

3. C 

4. C 

5. B 

6. C 

7. D 

8. C 

9. A 
10. A 
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File Coda: 



78.01.03.02.A2-0 




Date Published: 



2-20-76 



Learning Activity Package 



Student: 



Date: 



PERFORMANCE ACTIVITY: operation of the Split-Phase Indu ction Motor 



OBJECTIVE : 

Describe the operation of a split-phase induction motor. 

Identify operational characteristics of the split-phase induction motor. 



EVALUATION PROCEDURE : 

Successfully complete at least 80% of the items on a multiple-choice 
test about this LAP. 

RESOURCES : 

Split-phase induction motor. 

Electric Motor Repair , by Robert Rosenburg, pages 3-4. 

Introduction to Power Technology: Principles of Electric Motors, Vega, 
pages 20-23. 

motor test analyser 



PROCEDURE: 



1. Read p-^g^i; 3-4 in Electric Motor Repair . 

2. Complete experiment #1, "Split-Phase Induction Motors" in 
Introduction to Power Technology . 

3. Write a description on the motor's operation using simple 
electirical schematics. 

4. Take the LAP test. 



Steps 



Principal Author(«): T. filler 
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LAP TEST: OPERATION OF THE SPLIT-PHASE INDUCTION 
MOTOR 



78.01 .03.02 

1 . On a split-phase induction motor, why Is there more current on initial start 
than after it is running? 

a. the windings are in parallel 

b. it has the same amount of windings in the start as in the run windings 

c. the windings are in series 

d. there are more windings in the start winding than in the run 

2. On a split-phase induction motor the centrifugal switch is located between: 
(see diagram) 

3 

a. 3-^ T r ^ 

b. 4-5 

c. 1-4 



1-2 



The squirrel cage winding on a split-phase induction motor consists of heavy 
copper bars located in the: 

a. laminating iron cores in the stator 

b. laminating iron cores in the rotor 

c. centrifugal switch 

d. shaft 

At the start, the current flowing through both the run and start windings 
of a split-phase induction motor causes: 

a. centrifugal force 

b. the centrifugal switch to close 

c. a magnetic field 

d. the rotor to turn 

The run winding on a split-phase induction motor is located between: 
(see diagram in question #2) 



EKLC 



a. 
b. 
c. 
d. 



3- 4 

4- 5 
1-2 
1-4 
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78.01 .03.02 (continued) 

6. The start winding in a split-phase induction motor is located between: 
(see diagram in question #2} 



a. 4-5 

b. 3-4 

c. 1-4 

d. 1-2 



7. How would you change the rotation on this split-phase induction motor? 



a. TB to T1, T4 to T5 

b. TB to T4, T1 to T4 

c. TB to T5, Tl to T4 

d. T8 to T4, Tl to T5 



T8 



To AC Line 



Tl 

T4 



RW 



T5 



i 



-I 

3 



sw 



8. How are the coils connected in a two-pole motor run winding? 



a. B to D, A and C to power line 

b. A to C, B and D to power line 

c. B to C, A and D to power line 

d. A to D, B and C to power line 



W IB O i 



D 



9. 



In the schematic of the run and start windings on a split-phase induction 
motor where would the centrifugal switch be placed? 



a. 1-2 

b. 3-4 

c. 7-B 

d. 5-" 




To line 



10. 



Where is the connection diagram located on the split-phase in-r-'jction motor? 



a. on inside of end bell 

b. on the stator 

c. data p i ate 

d. on centrifugal switch 
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LAP TEST ANSWER KEY: 78 .01 .03 .02 .A2-2 
OPERATION OF THE SPLIT-PHASE INDUCTION MOTOR 
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Date Published: 



Student: 

Dale: _ 



PERFORMANCE ACTIVITY: Split-^Phase induction Motor Construction 



OBJECTIVE : 

Given the necessary tools, disassemble a split-phase induction motor 
according to: (1) manufacturer's specifications and (2) following 
procedures and practices accepted in the industry, 
the main paorts of a split-phase induction motor. 



Identify and label 



EVALUATION PROCEDURE : 

Disassembly procedure meets criteria of attached checklist. Identif 
cation of main parts, matches the illustration. Successfully comple 
at least 80% of the items on a multiple-choice test about this LAP. 



RESOURCES : 

Split-phase induction motor. 

Illustration of split-phase induction motor, (attached) 
Basic tools split-phase induction motor. 
Electric Motor Repair, by Roberc Roscnburg. 



PROCEDURE : 

Steps 

1. Read pages 1-3 in Electric Motor Repair . 

2- Follow the attached checklist for disassembly- 

3. Take the LAP test. 



Principal Author(s): T- Ziller 
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CHECKLIST FOR DISASSEMBLY: SPLIT-PHASE INDUCTION MOTOR 

1. Mark stator and end bell. 

NaTE : Refer to the attached exploded view. 

2. Using proper hand tools, remove nuts and bolts (don't 
lose nuts and bolts) . 

3. Remove end bells from stator- 

4. Remove rotor from the stator. 

5. Identify each component part of the motor by labeling 
using masking tape. 



ERJC 17 Q 



78.01 .U3.03.A2-0 



SPLiT PHASE INDUCTION MOTOR 
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LAP TEST: SPLIT-PHASE INDUCTION TOTOR CONSTRUCTION 



78.01 .03.03 



1 . Where is tl quirrel-cage winding found on a split-phase induction motor? 



a. inside stator 

b. inside the rotor 

c. inside front end plate 

d. inside rear end plate 

2. On r split-phase induction motor of the two windings inside the stator, which 
is the run winding? 

a. the thin flat bars on the rear endplate 

b. the smallest diameter wire 

c. the largest diameter wire 

d. heavy copper bars 

3. What is the function of the centrifugal switch on a split-phase induction motor? 

a. to connect the run winding to start winding when it reaches approximately 
75% of full speed 

b. to connect the start winding to run winding when It reaches approximately 
75% of full speed 

c. to disconnect the start winding when it reaches approximately 75% of full 
speed 

d. to disconnect the run winding when it reaches approximately 75*?, of fui; 
speed 

£». Where should the punch marks be on a split-phase induction motor" 

a. on top 

b. in line with each other 

c. on bottom 
cJ . any place 

5. Where is the stationary switch located on a split-phase induction motor? 
(see diagrdm) 

a. n 

b. 10 

c. 3 

d. 2 
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78.01 .03.03 (continued) 

6. What type of bearing is normally found in split-phase induction motor? 

a. sleeve bearing 

b. swivel bearings 

c. roller bearings 

d. ball bearings 

7. What functions does the end plate serve on a split-phase induction motor? 

a. to hold the shaft 

b. to house the bearing and keep the motor in position 

c. to have some place to put oil 

d. to hold the bearing 

8. Whi.^t items make up the rotor assembly on a split-phase induction motor ? 
isGL diagram) 



9. On a split-phase induction motor which end plate should be taken off first? 

a . bottom plate 

b. shaft end plate 

c. rear end plate 

d. front end plate 

10. Where are the bearings located on a split-phase induction motor? (see diagram) 

d. 1 andll 

b. 2 and 7 

c. 2 and 8 

d. 3 and 6 



c . 



3, a, 7 

2,4,7 
2,3,U 
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LAP TEST ANSWER KEY: 78.01 .03.03.A2-2 



SPLIT-PHASE INDUCTION MOTOR CONSTRUCTION 



1 . B 

2. C 

3. C 

4. B 

5. A 

6. A 

7. B 

8. B 

9. D 
10. A 
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PERFORMANCE ACTIVITY: Troubleshooting Split-Phase Induc tion Motors 



OBJECTIVE : 



Correctly troubleshoot a split-phase induction motor following the 
reconnnended procedures for locating the troubled area as gxven in the 
attached checklist - 



EVALUATION PROCEDURE : 

Instructor will confer with student to acknowledge if correct diagnosis 
was made. Successfully complete at least 80% of the items on a multiple- 
choice test about this LAP. 



RESOURCES : 

Checklist for troubleshooting a split-phase induction motor. 
Tools, test equipment, work order form and a split^phase induction 
motor. 

Service Manuals for the Motor - 

Electric Motor Repair, by Robert Rosenburg, pages 4-5. 



PROCEDURE: 



1. 



Steps 



Review pages 4-5 in reference Electric Mo t or Repai r. 
Follow the checklist for troubloshcotinc] aw appliance. 
Complete the LAP test. 



(Ahtach(»d) 



PrincipaS AuthorU): ziiler 
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CHECKLIST FOR TROUBLE-SHOOTING: SPLIT-PHASE MOTOR 

1 . Make a thorough visual inspection. 

2. If the motor sparks badly, check for: 

a. Shorted field poles (Ohmmeter) (Growler) . 

b. Wrong lead position on the commutator 

c. Open armature coils (Ohmmeter). 

d. Shorted armature coils (Growler). 

e. Reversed coil leads. 

f . Worn bearings 

g . High mica . 

h. Wrong direction of rotation. 

3. If the motor runs hot, check for: 

a . Worn bearings. 

b. Dry bearings 

c. Shorted coils (Growler) . 

d. Overload (Ammeter) 

e. Shorted fields (Growler) 

f . Brushes off-neutral 

H. If the motor smokes, check for: 

a. Shorted armature (Growler) 

b. Shorted fields (Growler) 

c. Worn bearings 

d. Wrcng voltage (Voitmete'^} 
2. Overload 

5. If the motor has poor torque, check for: 

a. Shorted coils (Growler) 

b. Shorted field (Growler) 

c. Wrong brush position 

d. Worn bearings 

6. Take a resistance reading on the motor field windings. Take a resistance 
reading on the armature coils. (Record values) . 
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7- Plug the motor Snto 115V AC power source. 

8. Take a voltage reading on the motor terminals. (Record value) , Compare 
with manufacturer's name plate. 

9. Using an ammeter take a current reading on the motor. (Record value) . 
Compare with manufacturer's name plate. 

10. Disconnect from AC power. 

11. Connect fields to a low D.C. voltage. 

12. Use a compass and check for polarity. 
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LAP TEST: TROUBLESHOOTING SPLIT-PHASE INDUCTION MOTORS 



78.01 .03.04 

1 . To determine whether a winding on a split-phase induction motor is grounded, 
you would connect a test lamp between: 

a. one test lead to the centrifugal switch and one to the power lead 

b. test lead in series with the run or start windings 

c. one test lead to the rotor and one to the power line 

Ci one test lead to the power lead and other lead to the core 



lit-phase induction motor, how many poles does this schematic represent? 



3. If you get a shock when you touch the frame of the split-phase induction motor, it: 

a. will not operate 

b. has a short 

c. is grounded 

d. is open 

4. When the split-phase induction motor hums, but does not run, the probable cause 



a. the end bells are improperly mounted 

o. badly worn bearings 

c. a defective autotransfcrmer 

d. an opened start or run winding 

5. In which schematic below is the split-phase induction motor in the start 



a. two 

b. six 



c. eight 

d. four 




position? 



a . 



3 



b. 



c. 



d. 



2 
4 



2 



3 



4 
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78.01 .02.04 (continued) 

6. If a split-phase induction motor does not start, the possible cause is a: 

a. bad start winding 

b. loose bearing 

c. bad run winding 

d. loose end bell 

7. A shaft on a split-phase induction motor that does not rotate freely Indicates: 

a. the centrifugal switch is closed 

b. too much end play 

c. the rotor is out of balance 

d. bad bearings 

8. A split-phase induction motor that runs slower than it's normal speed indicates: 

a. bad start winding 

b. short run winding 

c. short siquirrel cage winding 

d. bad centrifugal switch 

9. What is used to test for grounds on a split- phase induction motor? 

a. growler 

b. ohmmeter 

c. amp probe 

d. voltmeter 

10. In the schematic below, the split-phase induction motor: 

a. ^'Ml not run 

b. none of the above 

c. is in starting position 

d. has reached 75% of normal speed 
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TROUBLESHOOTING SPLIT-PHASE INDUCTION MOTORS 



1 . D 

2. D 

3. C 

4. D 

5. B 

6. A 

7. D 

8. B 

9. B 
10. D 
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PERFORMANCE ACTIVITY: Repairincr Split-Phase Induction M otors 



OBJECTIVE : 

Repair, service and reassemJ^le a split-phase induction motor following 
the steps for repair, service and reassembly given in the attached 
checklist, and correctly fill out purchase requisition if necessary. 
Idei;Lify repair, service and reassembly techniques. 



EVALUATION PROCEDURE : 

The appliance must operate properly. Tho student must correctly fill 
out purchase requisition. Successfully complete at least 80* of tho 
items on a multiple-choice test about this LAP. 



RESOURCES : 

Checklist for repair # service and reassembly of the motor. 
Test equipment, tools, work order form and requisition form. 
Split-phase induction motor. 
Service Manuals for the Motor. 

Electric Motor Repair , by Robert Rosenburg, pages 37-49. 
PROCEDURE ; 

S teps 

1. Follow the checklist for repair, service and reab-^embly of a 
motor . (Attached) 

NOTE: Refer to the attached exploded view of a split-pha?u? 
induction motor, 

2. Complete the multiple-choice test item test for this TiAP. 



Principal Author(s): T. ziller 
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CHECK LIST 

Ordering Replacement Parts 

The following are steps to check when filling out an order form for 
a replacement part. If any steps listed do not apply to the order 
blank to be used, ignore them. 

I . Fill out the number of replacements needed for that 

particular item in the quantity blank. 

2. Write in the entire parts number from catalog. 

3. Fill in the ma. lufacturer's brand name in the appropriate 
space . 

4. Write in a brief description or name of the item in the 
appropriate space. 

5. List the price of each item on order form from catalog. 

6. List the total price of all units combined. ( multiply quantity 
by price of each). 

7. List the page number in the catalog in which the part was found. 

8. Write in the shipping weight of the total quantity desired of 
"^^ ~ each item- 

9. Write in appropriate blank the catalog number located 
' usually on front cover. 

10. rotal the amount of all goods and fill in correct blank. 

I I . Determine total shipping weight of all items and fill in blank. 

12. From charts, determine cost of shipping and insurance for 
total amount of parts and fill in. 

13. Determine sales tax on the total amount of goods and fill in. 

14. Add cost of insurance and shipping, sales tax, and total 
price of goods together and record on order form. 



78.01 .O3.05.A2-O 



ERIC 



15. W-^ite on order form person or Firm to ship to. 

16* Write address to be shipped to. 

17. Write city to be shipped to. 

18. Write state to be shipped to. 

19. Write ZIP code to be shipped to* 

20. F IT in date form is completed. 

21 . Fill out blanks on methods or ways items are to be shipped. 
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8f»LIT PHASE INDUCTION MOTOR 




Service Checklist for Split-Phase Induction Motor 



1. Lubricate bearings (SOW oil for sleeve bearings, general purpose lu- 
bricating grease for ball bearings). 

2. Insure that rotating mechanism of the centrifugal switch on the rotor 

is not bin-'ling. 

3. Check contact points on the stationary mechanism of the centrifugal 
switch for cleanliness, 

4. Insure that all leads to stationary centrifugal switch are tight. 
Bearing Replacement Checklist for Split-Phase Induction Motor 

1. Using proper tools, remove bad bearing. 

2. Replace using proper tools. Ream to fit if necessary. 

3. Lubricate new bearing. 

CENTRIFUGAL SWITCH REPLACEMENT FOR SPLIT-PHASE INDUCTION MOTOR 

1. Label all leads and remove from switch. 

2. Remove centrifugal switcJi. 

3. Install new switch, reconnect all leads. 

Checklist fur Reassembly of Split-Phase Induction Motor 

1. Gertu/ set ^otor inside stator. 

2. Align end bells with punch marks. 
5. Insert bolts and tighten. 

4. Connect motor to power source. 

5. Refer to exploded view. 
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i_APTEST: REPAIRING SPLIT-PHASE INDUCTION MOTORS 



7r .01 .03.05 



2. 



3. 



4. 
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How is a skein winding made on a split-phase induction motor? 

a . one wire is laid into the slots at a time 

b. one long coil formed on two peg:; 

c. one wire is laid into each coil slot at a time 

d. coils are formed on blocks then laid into the slots, one at a time 

To connect the motor for 230 volt operation (see diagram) which leads must 
be connected? 

a. T8,T2,T4 together, T3,T5— one side, Tl— other side of line 

b. T8,T2,T3 together. T4,T5--one side, Tl— other side of line 

c. T8,T3,T2 together, T4,T1— one side, 15— other side 

d. T8,T3,T1 together, T4,T5,T2--one side, Tl -other side of line 



To connect the motor for 110 volt operation (see diagram) which leads must be 
connected? 

a. T8,T3,Tn together on one side of line, T4,T5,T1 —other side 

b. T8,T3,T1 together on one side of line, T/»,T5,T2--other side of tine 

c. T8,T2,T3 together, T4,T5--one side, Tl— oiner side of line 

d. T8,T2,T5 together to one side of line. Ti|.T5,T3— other :: = de 

Skein wind on a split-piiase induction motor is used mainly for: 

a. start windings 

b. intermediate windings 

c. run windings 

d. it is used the same on all windings 
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78.01 .03.05 (continued) 

5. In making a form winding for a split-phase induction rrotor the first thing to do 
is* 

a. wind your coils on 2 pegs then lay into siots 

b. calculate the size of the forms 

c. count number turns per coil 

d. insulate the slots first 

6. In rewinding on a split-phase induction motor for a change of voltage from 115 
V to 230 V, the turns per coil would be: 

a. one half original turns 

b. doubled 

c remain the same 
d. larger span 

7. Rewinding for a change of voltage on a split-phase induction motor you change: 

a. connections 

o. wire size 

c. number of turns 

d. wire size and number of turns 

8. In dual voltage motor 225V-236V the run winding is connected in for 230V. 

a. parallel 

b. series with start winding 

c. series 

d. parallel with start vyinding 

9. When r^-winding a split-phas:^ induction motor, the size of copper wire is 
designated by: 

a. a micrometer 

b. a wire gauge 

c. its radius 

d . its diameter 

10. When rewinding a split-phase induction motor, which number would indicate 
the largest size wire? 

a. 16 

b. 19 

c. 29 

d. 31 

19^ 
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1 . B 

2. B 

3. B 

4. A 

5. B 

6. B 

7. D 

8. C 

9. B 
10. A 
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UNIT POST TEST: SPLIT-PHASE INDUCTION MOTORS 



ya. 01. 03. 01 

1 . When do you fill out a work order card when^ repairing an electric motor? 

a. after the motor is left in the shop and the customer is gone 

b. after it is tested 

c. while the customer is present 

d . never 

2. When would you put something in the "needed by" block of a work order when 
repairing an electric motor? 

a. always fill it in 

b. always leave blank 

c. only if it's needed immediately 

d. only if it is routine 

3. What is meant by unit cost on a work order when repairing an electric motor? 

a . the grand total 

b. the cost of each \tem used 

c. the tota> cost 

d. the cost of two if two are used 

4. Why is the date received important on a work order when repairing an electric 
motor? 

c. it makes no difference 

b. only if its routine is it important 

c. identifies the oldest routine order to work on 

d. always leave blank 

5. When repairing an electric motor, why is it necessary to know the number of 
hours on a work order that you worked on a particular project? 

a. so the employer can make a profit 

b. so the customer is not overcharged for labor 

c. so the customer is not under charged 

d. so the secretary can keep the books straight 
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6. Where are the bearings located o.t a split-phase induction motor? (see diagram 1) 

B . and 6 

b. 2 and 10 

c. 2 and 8 

d. 2 and 7 

7. V%-h2t functions does the end plate on a split-phase induction motor serve? 

a. to have some place to put oil 

b. to hold the shaft 

c. to house (he bearing and keep the motor in position 

d. to hold the bearing 

8. Where is the squirrel-cage winding on a split-phase induction motor found? 

a . inside the rot: 

b. inside the stator 

c. inside the front end plate 

d. inside the rear end plate 

9. What is the proper connection of this 4 pole motor of the run winding? 

a . B to D , C to E , F to H , A and G to power I ine 

b. B to C, D to F to A and H to power line 

c. B to H, C to 6, F to F, D and E to power line 

d . A to D , B to E , C to C , E and H to power I ine 



[BB aiifflBaffli ^ psMH B ^^ pMm^ 



B C D E F G H 



10. Where is the stationary switch located on a split-phase inducUon motor? 
(see diagram) 

a. 3 

b. 2 

c. 10 

d. 9 
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12. 



13. 



14. 



15. 
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The squirrel cage winding of a split-phase induction motor consists of heavy 
copp^ar bars located in: 

a. laminating iron cores in the rotor 

b. the shaft 

c. laminating iron cores in the stator 

d. the centrifugal switch 

At the start, the current flowing through both the rui\ and start windings of 
a split-phase induction motor causes: 

a. centrifugal force 

b. magnetic fields 

c. the rotor to turn 

d. the centrifugal switch to close 

What other name is used to refer to start winding on a split-phase induction motor? 

a. main winding 

b. auxiliary winding 

c. squirrel cage winding 

d. run winding 

In the diagram, the centrifugai switch of a split-phase induction motor is located 
between: 



In the run winding of a split-phase induction motor, how many poles are there? 
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16. If the start winding of a split^phase induction motor remains in the circuit, the: 

a. start winding is shorted 

b. centrifugal switch is not closing 

c. centrifugal switch is not opening 

d. contact points are burnt 

17. When the Internal wires are touching the eroru cores of the rotor or stator 
on a split-phase induction motor, this Is called: 

a . an open circuit 

b. a short 

c. aground 

d. an internal short 

18. To determine whether a winding on a split-phase induction motor is groundcxi 
while using a test lamp you would: 

a . connect one test !ead to the rotor and one to the power line 

b. connect test lead in series with the run or start windings 

c. connect one test lead to centrifugal switdt^ and one to power lead 

d. connect one test lead to power lead and other lead to core 

19. What i? used to test for grounds on a spt it-phase induction motor? 

a . ohmmeter 

b. growler 

c. amp probe 

d. voltmeter 

20. If a split phase induction motor runs slower than it's normal speed, there is a: 

a. short in the squirrel cage winding 

b. b>ad centrifugal switch 

c. short in the run winding 

d. bad start winding 

78.01 .03>05 

21 . In rewinding a split-phase induction motor effective turns depend on the: 

a. spand of coil 

b. numbers of turns 

c. chord factor 

d. pitch 

Er|c 201 
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78.01.03.05 (continued) 



22. 



The size of copper wire used In a splU-phase induction motor is designated by: 



a. micrometer 

b. diameter 

c. wir J gauge 
racJjus 

23. In making a form windir^g for a split-phase Snduction motor the first thfng to do Is: 

a. insulate the slots first 

b. wind your coils on 2 pegs then lay into slots 

c. obtain the size for the forms 

d. count number turns per coil 

24. Skein wind on a split-phase induction motor is used mainly for: 

a . start windings 

b. intermediate windings 

c. run windings 

d. it Is used the same on all windings 

25. To connect motor for 110 volt operation: 

a. T8,T3,T1 together on one side of line, T4,T5,T2 - other side of line 

b. T8,T3,Tfi*, together on one side of line, T4,T5,T1 - other side 

c. T8,T2,T3 together, T4,T5 — one side, Tl - other side of line 

d. T8,T2,T5 together to one side of line, T4,T5,T3 - other side 
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UNIT PERFORflANCE TEST: SPLIT-PHASE IMDUCTIOM MOTORS 



OBJECTIVE T : 

Given a malfunctioning split-phase motor, the student will service and repair motor 
so that it functions according to the manufacturer's specifications, following 
safe practices and procedures. 

QBJECnVE 2: 

Using apprcpri«te tools and test equipment the student will take shorts and 
open tests. 



OBJECTIVE 3 : 

Using appropriate equipinent, the student 
moto: . 



ill rewind a faulty split-phase 



OBJECTIVE 4: 



Using appropriate tools and test equip{?»nt. the student will calculate and 
record aL>erage, voltage, resistance and wattage of a split-phase motor. 



TASK ; 

The student will service and repair a split-phase motor and. in the process, 
he will make shorts and open and grounding tests, using appropriate test 
equipment. 



ASSIGNMENT: 



I 
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CONDITIONS ; 

The student will be given a malfunctioning split-phase motor (It may be bugged 
by the Instructor or It nay b« one brought in by a customer). He will be 
required to service and repair the motor in conditions similar to those in a typical 
motor repair shop. He will be allowed to use any and all tools, equipment, 
service manuals, text books, etc., commonly found in a repair shop. He must 
complete it in a reasonable length of time with no assistance from the instructor(s) 
or students. 



RESOURCES : 
Tools: 

Internal -external snap ring pliers 

7-Piece nut driver set 

Tool box 18 X 8 X 9 

Circular gauge 

Hacksaws 

Pulley puller 

Arc joint pliers 

Lineman's pliers 

Diagonal cutting pliers 

Long chain-nose pliers 

Coil tamping pliers 

Locking plier wrench 

4-P1ece standard set screwdriver 

Center punch 

Cold chisel 

Ball peen hanvner 

Lug crimpers 

Wire skinner and straightener 

Equipment: 

Coil stripping chisel 
Armature winder 
Coil winder 
External Growler 
Insulation former 
Coil shapers 



Hl« Coda: /o.m .uj. w.nt-^ 
Date Published: 11/15/74 

Sex: M F (Circle 1) 



OVERALL PERFORMANCE: SatSsfactory Unsatisfactory 



CRITERION 
Met Not Met 



Objective 1 : 







1. Follows safe practices and procedures. 






Criterion: No injury results to the student or the 






equipment and cojnplies yjHh OSHA requirements 




- -- 


1 2. Follows orooer procedures for disassefldi)ly. 






Criterion: No damage results to the motor. 






3. Diagnosis and troubleshoots malfunctions_properly • 






Criterion: When repaired, the motor functions according 






to the manufacturer's specifications. 






4. Reassembles the motor properlv. 




Criterion: Appliance functions according to the manufacti 


irer's 




specifications and the procedures followed ag 


*ee 




with those described in the service literatun 






5. The repaired motor is repaired in a neat. 






professional manner. 









(Checklist continued) 



CRITERION 
Met Not Met 



1 Lci 1 Ull • nU uallNSV|c rc^UILjr lU l^iit: lilUvUr bUwrl Upcnb 






and shorts. 






6- All ronnpctlnns and fastieninas arp Drooerlv comDlptPd 






Criterion: The fnotor connection complies with the 






manutacturer s specifications. The connections 






are mechanically fastened and structural! v 






sound. The ^^onpection is electrically fastenec 






and free of dpfprts. 






7. Motor functions arrording to thp manufarturiPr * 






speci T 1 caci ons • 






LriLerion. nanuTacturer s speciTi cations* 






o. uses appropriate repaif part ana supplies. 






Criterion: They match exactly those listed in the 






nral nUTau wUrcr Z> S»ptru I i I La l> i UFib • 







UDj ec 1 1 ve c - 






9. Test for grounds, using growler or millivolt meter. 


> 




lU. ictir TOP 5''uru5 1 ri uHc Ticia CUT 1 IS i ub 1 Ti^ a yrowicr. 




{ ii. lest Tor an open tieia coi i , usincj an onmmeter. 






1 

1 12. Test for reversed coils, using a compass or bar 






t 

1 magnet test. 
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(Checklist continued) 

CRITERION 

Met Not Met 



Criterion: Trouble -shooting techniques reveal the malfunct 


ior,. 




as identified by job sheet. 






Objective 3: 






lo. uses CO 1 1 -s rri ppi ng tool to rernove coiis. 






\H . uses coil Wmaer, it appropridte, wnen winding 






field coil . 






15. Uses insulation fonmer, if aoDroDriate, when 






1 nsu 1 a LI ng . 






16. Uses coil shaper, if appropriate, on field coils. 






Criterion: Proper equlDment aooli cation results in a 






defect-free operative irotor. 







UDjective H. 

r ^ ' 


" 





I/, uses test equipfnenc properly. 


— - - 







18. Wattage readings are accurate. 


■ — 


19. Voltage readings are accurate. 








20. Amoeraae readlnas are accurate. 







21. Resistance readings are ^crurate. 





— 


uriLerion. nanuTaCuurer s spcciTicauions. 






22. When applicable, mathematical calculations are_correct. 






Criterion: AC/DC Circuit Manuals, Westinghouse 
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Checkl ist continued) 



/O.UI .UJ.UU.rtl-D 



CRITERION 
Met Not Met 



23. The motor 1$ reoaire^ in a reasonable time. 






Criterion: Not to exceed 4 hours* 












1 lie ^tUUcriL Uilib l« 5UUv.c^boTUi Sjr LUilip i cr C\J UU L Ul Co I i r 1 l^cilib 






to achieve an overall score of satisfactory. 
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UNIT: 



CAPACITOR MOTORS 



RATIONALE : 

Capacitor motors are basically split-phasG motors with some differences 
in internal and external circuit wiring. The motor repairman should be 
familiar with these differences. 

The topic, Capacitor Motors, is a vital part of the preparation needed 
by an electric motor repairman. 

PREREQUISITES : 

Unit: Split-Phase Induction Motors 
OBJECTIVE : 

Troubleshoot , repair, and rewind capacitor motors using appropriate 
tools, equipment, and procedures. Identify parts, oporational charac- 
teristics and procedures for diagnosis and repair of capacitor mentors - 



RESOURCES : 



PERFORMANCE ACTIVITIES : 

.01 Operation of Capacitor Motors. 

.02 Capacitor Motor Construction. 

.03 Troubleshooting Capacitor Motors. 

.04 Re:: .,1 :rir,^ Capacitor Mot^'rs. 

GENERAL INSTRUCTIONS : 

This unit consists of 4 Learning Activity Packages (LAPs> . Each LAP 
will provide specific information for completion of a learning activity. 

The general procedure for this unit is as follows: 



(1) Read the first assigned Learning Activity Package (IiAP) . 

(2) Begin and complete the first assigno(i rJ\P. 

(3) Take and scort^ tho LAP tost. 

(4) Turn in tlio LAP t est an-.wor ijluH'l . 

(5) Ootormino the rcvison for any missed i Lems on tho F.AP tost.. 



Principal Author(s): T. Zillor 
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Printed Material 



Electric Motor Repair y second edition Robert Rosenborg (see more 
bibleo - data) Rinehart and Winston, 1970, 

Introduction to Power Technology: Principles of Electric Motors , 
second edition, Vega Enterprises Inc., Decator, Illinois, 1973. 



Service Manuals 

Attached Lap reading material: 
Checklist for Disassembly 

Checklist for troubleshooting: Capacitor Motors 

Checklist for Repair, Service and Reassembly: Split-Phase Ccipacitor 
Start Motor 



Audio/Visual 

Attached Illustration: capacitor motor 

split-phase motor 



Equipment 

capacitor motor 

motor test analyzer 

motor board for capacitor motor 

tools 
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GENERAL INSTRUCTIONS : ( continued ) 



(6) Proceed to and complete the next assigned LAP in the unit. 

(7) Complete all required LAPs for the unit by following steps 
3 through 6. 

(8) Take the unit tests as described in the Unit LEG "Ev*''uation 
Procedures" . 

(9) Proceed to the next assigned unit. 



EVALUATION PROCEDURE : 
When pretesting: 

1. The student takes the unit multiple-choice pretest. 
Successful completion is 4 out of 5 items for each LAP 
part of the pretest. 

2. The student then takes a unit performance test if the unit: 
pretest was successfully completed. 

Satisfactory completion of the performance test is meeting 
the criteria listed on the performance test. 

When post testing: 

The student takes a .multiple-choice unit post test and a 
unit performance test. 

Successful unit completion is meeting the listed criteria for 
the performance test. 



FOLLOW-THROUGH : 

You may now begin with the first LAP in this unit. Talk to your 
instructor if you need help. 
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8tyd«nt: 



Fite Code: 



78.01 .04.00.A2-2 



Date: 



Date Published: Lt^Jj. 



12-13-74 




UNIT PRETEST: CAPACITOR MOTORS 



78.01.04.01 

1 . Where would a two-valve capacitor motor be used? 

a . heaters 

b. fans 

c. compressors 

d. blowers 

2. The purpose of a capacitor-start motor is to provide: 

a . lower RPM 

b. higher RPM 

c. lower starting torque 

d. higher starting torque 

3. What is different about a permanent-split capacitor motor? 

a. no centrifugal switch is necessary 

b. it has comparatively higher torque 

c. there is no need for a rotor 

d. it is two motors in one housing 

^, What is another name for a permanent-split capacitor motor? 

a. three phase motor 

b- single-valvti capacitor-run motor 

c. two phiase molur 

d. split-phase induction motor 

5. On a two-valve capacitor motor, what purpose does the cenlrifiigal switch 



serve? 



a. takes the capacitor and run winding out of circuit 

b. to substitute a lower capacity 

c. takes the capacitor and start winding out of circuit 

d. takes the start winding out of the circuit 
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78.01 .0^.02 

6. What is the purpose of the centrifugal switch in a capacitor-start motor? 

a. to remove the start winding from the run winding 

b. to remove the run winding from the capacitor 

c. to help to reduce eddy currents 

d. to remove the capacitor and start winding from the run winding at 75% FS 

7. Where is the bearing located in a capacitor-start motor? 

a. between the rotor and centrifugal switch 

b. the center of the end plate 

c. on the end of the shaft only 

d. split-phase capacitor start motor does not require one 

8. In a capacitor-start motor, what helps to prevent the motor from drawing 
too much current? 

a . the fuse 

b. the extra set contact points 

c. the centrifugal switch 

d. the overload device 

9. Where is the centrifugal switch located in a capacitor-start motor? 

a. on the front end plate 

b. on the rear end plate 
c . on top of the stator 
d. inside the stator 

10. In a capacitor-start motor the capacitor is in with start wind. 

a. seri'^s 

series parallel 

c. parallel series 

d. parallel 

78.01 .04.03 

n . How is a capacitor checked using an ohmmeter? 

a. the ohmmeter will show infinity reading 

b. the ohmmeter will give a different reading 

c. lead on + terminal - lead on - terminal ohmmeter on high 

d. the ohmn>eter will show zero OHMS 
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78.01 .0^.03 (continued) 

12. If the capacitor of a capacitor-start motor becomes open: 

a. the motor will burn up if connected to power line before starting 

b. it will start but will not reach full speed 

c. it win start but with less starting torque 

d. motor won't start, will run if started manually have FS before load 

13. If a capaciror-start motor starts fine but when centrifugal switch kicks out it 
drops back to start winding, what is the problem? 

a. open run winding 

b. defective capacitor 

c. wrong connections 

d. defective centrifugal switch 

m. In a capacitor-start motor, if the fuse burns out when current is applied to 
the motor, look for: 

a. shorted windings 

b. open run winding 

c. open start winding 

d . open capacitor 

15. On a capacitor start--capacitor-run motor, what type of capacitor is used? 

a. paper capacitor 

b. oil capacitor 

c. two-valve oil capacitor 

d. two-valve paper capacitor 

78.01 .o^.c; 

16. When a capacitor-start motor is first put on the work bencti, wfiich of Ifu? 
following should be done? 

a . refer to manufacturer's booklet 

b. plug it into a voltage source and see what doesn't work properly 

c. use a test lamp or ohmmeter and check for grounds, shorts, opens 

d. dismantle and look inside 

17. Without a load on a capacitor-start motor, smoking while running may be 
caused by: 

fa'.lure of centrifugal switch to open starting winding circuit 
overloaded 
shorted winding 
defective capacitor 

215 



b. 
c . 




d. 
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78>01 .04.04 (continued) 

18. If a capacitor-start motor (without a load) hums but does not run, suspect: 

a. grounded winding 

b. shorted winding 

c. overload 

d. defective capacitor 

19. On a capacitor-start motor, if you get a shock when you touch the frame of 
the motor, the motor: 

a. is shorted 

b. is open 

c. is grounded 

d. will not operate 

20. After rewinding a capacitor-start motor and it appears to be running fine, 
what test equipment would you use to check current drain? 

a. ammeter 

b. ohmmeter 

c. low resistance meter 

d. voltmeter 
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UNIT TEST ANSWER SHEET 
UNIT PRETEST 
CAPACITOR MOTORS 

Occupational Area: 

File Code: 78.01 .OU.OO.Al-^ 
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ANSWERS 

8.01.0M.01 1- C 21. 41. 

2. D 22. 42. 

3. A 23. 43. 

4. B 24. 44. 

5. B 25. 45. 
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9. B 29. 49. 

10. A 30. 50. 
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File Code: 78. 01 . 04 . 01 . A2- 
3m Published: 2-23-76 

Learning Activity Package 

Student: 

Date: 

PERFORMANCE AnTIViTVr operation of tne Capacitor Motor 

OBJECTIVE ; 

Describe the operation of a capacitor motor - 

Identify operational characteristics of a capacitor motor. 

EVALUATION PROCEDURE : 

Successfully complete at Least BO'f. of the items o.m a multiple-choice 
test about this LAP, 

RESOURCES ; 

Capacitor start motor • 

Electric Motor Repair , by Robert Rosenberg, pages 52-53, 62-71. 
Introduction to Power Technology Principles of Electric Motors , Vega, 
pages 24-27. 

motor test analyzer 
PROCEDURE : 

S teps 

1 . Read : e b :3 2 - S 3 a t\d u - :* in Klec tric Mo tor l<ep£ii_r . 

2. Complete experiment i^2, *'Capac itor Start Motors'* in 
To Power Technology , pages 24-27- 

3. Write a description of the motor's operation n^.ing simple 
electrical schematics. 

4. Take the IJ\P test. 




Principal Author(s): T, ziiur 



8tU4tont: 



File Code: 



78.01 .04.01 .A2-2 
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Date Published: 1Z-AS^.2U 




LAP TEST: OPERATION OF THE CAPACITOR MOTOR 



78.01 .oa.oi 

1 . Normally, when is an oil-filled capacitor used? 

a. only when low current is required 

b- only when using a two-va!ve capacitor 

c. only on start cycle 

d. when it is in the circuit on run cycle 

2. The purpose of a capacitor-start motor is to provide: 

a. lower starting torque 

b. higher starting torque 

c. lower RPM 

d. higher RPM 

3. What is taken off the line after the motor reaches approximately 75% full speed? 

a. start winding, centrifugal switch, and capacitor 

b. run winding and centrifugal switch 

c. capacitor and centrifugal switch 

d. start winding and rotor 

4. Where wuuld a two-valve capacitor motor be used? 

a . in fans 

b. in heaters 

c. blov/ers 

d. in compressors 

5. The capacitor and the centrifugal switch are connected in sericb with the: 

a . run winding 

b. only whiie centrifugal switch is closed 

c. start winding 

d. only while centrifugal switch is open 
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7B.01 .04.01 (continued) 

6* The start winding is how many electrical degrees out of phase with the 
run winding? 

a. 90 

b. 180 

c. 75 

d. "190 

7. How are the two valves of capacity obtained? 

a. only by using a transformer 

b. two capacitors in parallel 

c. dual capacitor in one cun 

d. two capacitors in series 

8. What is connected to the line after the motor reaches approximately 75% full speed? 

a , start winding 
b* run winding 

c. centrifugal switch 

d. capacitor 

9. What is the major advantage of a two-valve capacitor motor? 

a. it reduces starting torque 

b. it produces slower speed 

c. it produces higher speed 

d. it creates high starlir^g torque 

10. The run winding is how many electrical degrees out of phase with the 
start winding? 

a . lagging by 75 

b, lagging by 0 

c. leading by 180 

d, leading by 190 



LAP TEST ANSWER KEY: 78.01 .0**. 01 .A2-2 
OPERATION OF THE CAPACITOR MOTOR 
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Dale; 

PERFORMAMCE ACTIVITY: Capacitor Motor Construction 



OBJECTIVE : 

Disassemble and identify the component parts of a capacitor motor, 



EVALUATION PROCEDURE : 

Instructor will examine the disassembled motor for correct disassembly. 
Identification of main parts will be in compliance with attached identifi- 
cation list. Also score at least 80% on a multiple-choice test. 



RESOURCES : 
Capacitor motor. 

Checklist on disassembly of the motor, (attached) 
Illustration of a capacitor motor, (attached) 
Hand tools. 

Electric Motor Repair ^ by Robert Rosenburg. 



PROCEDURE : 

Steps 

1. Follow the chrcklist for disassembly of a capacitor motor. 

2. Compl^*-o the mui tiple-c'.io ^! ce test items for this LAP. 
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CHECKLIST FOR DISASSEMBLY: 

CAPACITOR MOTOR 



ERIC 



1 . Using a ball peen hammer and center punch, put two (2) punch marks on the 
end bell and on the stator, on the end of the motor in line with each other and 
within of each other. 

2. Using the same tools, put one (1) punch mark on the stator and end bell in 
line with step 1 but on the other end of motor and within of e^^ch other. 




3. Using a nut driver of proper size, remove the four (4) nuts and remove the 
long bolts. (Caution: do not lose the nuts). 

4. Using a ball peen hammer and cold chisel, gently tap the front end bell where 
it meets the stator on shaft end; when loose, slide the end bell off the end of 
shaft, 

5. Firmly hold onto the shaft and pull straight out. Try not to let the rotor drag 
on the stator laminations. 

6. Using : eocls in step 4, gei .My tap the rear end bell loose; it wi It stil I be 
K-onnected with 4 wires to the centrifugal switch. Do not force. 

7. To remove capacitor, remove the screws folding the cover plate; capacitor 
will fall out (don't lose the screws) . 

8. To remove the centrifugal switch, use a screwdriver and remove the screws. 
(Caution: do not lose the screws) . 

9. To remove proctector (thermal relay), remove the two screws with a screw- 
driver. (Caution: do not lose the screws) . 

10. Label each component part using masking tape. 

11 . Have the instructor examine the identified parts. 
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CAPACITOR MOTOR 



DATA PLATE, 

FRONT END BELL (END PLATE) 

SLEEVE BEARING (BALL BEARING) 





CAPACITOR 



COVER PLATE FOR LEADS 



ROTOR 



ROTATING MECHANISM OF A CENTRIFUGAL SWITCH 



-RUN WINDING 
START WINDI 



4^APACIT0R COVER 



STATOR 




BIMETAL OVERLOAD PROTECTOR 



TATIONARY MECHANISM OF A 
CENTRIFUGAL SWITCH 



•SLEEVE BEARING (BALL 

BEARING) 

EAR END BELL 

(REAR END PLATE) 



BOLTS 



Sty don*: 



Filfl Code: r 04 ,02_^A2-2, 



Oato: 



Date Publiihed: 



12-20-7^ 




LAP TEST: CAPACITOR MOTOR CONSTRUCTION 



2. 



3. 



4. 



01 .04.02 

What does the stator house in electric motors? 

a. Starting and run winding 

b. the capacitor 

c . front end plate 

d. the centrifugal switch 

How is a bimetallic overload device connected in a capacitor-start motor? 

a. series parallel 

b. series 

c. parallel series 

d. parallel 

What is the purpose of the end plate in a capacitor-start motor? 

a. to hold the capacitor 

b. to hold the rotor in center of the stator 

c. to hold the winding in place 

d. to keep stator from collapsing 

What is the purpose of bearing packing in a capacitor-start motor? 

a. to house the bearing 

b. to hold oii for bearing lubrication 

c. Vr^cj-. the rotor wiM '^e held in the center of the stator 

d. to hold the bearing in piace 

How is the centrifugal switch mounted in a capucitor-start motor? 

a . with washers 

b. by welding 

c. with nuts 

d . with screws 
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78.01 .04. 02 (continued) 

6. In a capacitor-start motor, what helps to prevent the motor from drawing too 
much current? 

a. the overload device 

b. the centrifugal switch 

c. the extra set contact points 

d. the fuse 

7. Where is the bearing located in a capacitor-start motor? 

a. between the rotor and centrifugal switch 

b. split-phase capacitor-start motor does not require one 

c. on the end of the shaft only 

d. in Ifio center of the end plate 

8. Normally, where is the capacitor located on a capacitor-start motor? 

a , on top of the stator 

b. in the rotor 

c . in side the stator 

d. inside the rear end plate 

9. In a capacitor-start motor the capacitor is in parallel with the: 

a. bearings 

b. centrifugal switch 

c . run winding 

d . start windng 

10, What is the purpose of the centrifugal switch in a capacitor start motor? 

a. to remove the capacitor and start winding from the run wirulincj at 7^V, 
full speed 

b. to help to reduce eddy currents 

c. to remove the run winding from the capacitor 

d. to remove the start winding from the run winding 
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CAPACITOR MOTOR CONSTRUCTION 



1 . A 

2. B 

3. B 

4. B 

5. D 

6. A 

7. D 

8. A 

9. C 
10. A 
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Data: 

PERFORMANCE ACTIVITY: Troubleshooting Capacitor Motor s 



OBJECTIVE : 

Troubleshoot a capacitor motor following the steps given on tho checklist. 



EVALUATION PROCEDURE : 

The student is to troubleshoot motors using a given chcckJist and score 
at least 80% on a multiple-choice test. 



RESOURCES : 

Checklist for troubleshooting, test equipment, tools, work order form 
and requisition form. 
Capacitor Motor - 
Service Manuals. 

Electric Motor Repair , by Robert Rosenburg, pages 74-79. 



PROCEDURE : 

Steps 

1- Follow the checklis^t for troubleshooting a motor (Attached) 
2. Complete the innl tiple-choico test itemt; for this LAP. 



Principal Author (s): t. ziller 
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CHECKLIST FOR TROUBLESHOOTING: CAPACITOR MOTORS. 



1 . Make a thorough visual inspection. 

2. If the motor sparks badly, check for: 

a. Shorted field poles (Ohmmeter) (Growler) . 

b. Wrong lead position on the commutator. 

c. Open armature coils (Ohmmeter). 

d. Shorted armature coils (Growler) . 

e. Reversed coil leads. 

f. Worn bearings, 
g . High mica . 

h. Wrong direction of rotation. 

3. If the motor runs hot, check for: 

a . Worn bearings . 

b. Dry bearings. 

c. Shorted coils (Growler) . 

d. Overload (Ammeter). 

e. Shorted fields (Growler) . 

f. Brushes off-neutral. 

4. If the motor smokes, check for: 

a. Shorted armature (Growler) . 

b. Shorted fields (Growler). 

c. Worn bearings. 

d. Wrong voltage (Voltmeter) . 

e. Overload (Ammeter) . 

5. If the m''^*:.r hps poor torque, check for: 

a. Shorted coils (Growler) . 

b. Shorted field (Growler) . 

c. Wrong brush position. 

d. Worn bearings. 

6. Take a resistance reading on the motor field windings. 

Take a resistance reading on the armature coils. (Record values) . 

7. Plug the motor into 11 5V AC power source. 
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8. Take a voltage reading on the motor terminals. (Record value) Compare 
with manufacturer's name plate. 

9. Using an ammeter take a current reading on the motor. (Record value) . 
Compare with manufacturer's name plate. 

10. Disconnect from AC Power. 

1 1 . Connect fields to a low D .C . voltage . 

12. Use a compass and check for polarity. 
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LAP TEST: TROUBLE-SHOOTING CAPACITOR MOTORS 



78.01 .0^.03 

1 - How is a capacitor checked using an ohmmeter? 

a. the ohmmeter shows infinity reading 

b. the ohmmeter will show zero OHMS 

c. +lead on + terminal: - lead on - terminal ohmmeter on high 

d. the ohmmeter will give a different reading 

2. What will the ohmmeter show if the capacitor is shorted? 

a. the ohmmeter will give a different receding 

b. the ohmmeter will show zero OHMS 

c. the ohmmeter shows infinity reading 

d. + lead on + terminal: - lead on - terminal OM-high reverse 

3. If a capacitor-start motor starts fine but when the centrifugal switch kicks out, 
it drops back to start winding, what is the problem? 

a. wrong connections 

b, defective capacitor 

c, open run winding 

d. defective centrifugal switch 

4. In a capacitor-start motor, if the fuse burns out when current is applied to the 
motor, look for: 

a. open run winding 

b . open capacitor 

c. open st^rt winding 

d. shorted wiruJings 

5. hlow are capacitors rated? 

a. by power factor - PF 

b. by working votts direct current- WVDC 

c. farads 

d. horsepower - HP 
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78.01 .04.03 (continued) 

6. If the capacitor of a capacitor-start motor becomes shorted: 
a» it will cause it to over speed 

b. the motor may start, but starting torque will be greatly reduced 

c. it will create a short circuit directly across the line 

d. the motor will not run 

7. The capacitance of a capacitor-start motor should be within what % of the rated 
capacity? 

a. 20% 

b. ^0% 

c. 10% 

d. 30% 

8. If you receive an electrical shock from a capacitor-start motor when you put 
your hand on it, the trouble may be: 

a. a bad centrifugal switch 

b. badly worn bearings 

c. a grounded winding 
d- a defective capacitor 

9. On a capacitor-start, capacitor~run motor, what type of capacitor is used? 

a . oil capacitor 

b. paper capacitor 

c. two-valve paper capacitor 

d. two-valve oil capacitor 

10. If a ci^acitor-start motor hciS difficulty starting, the trouble may be 
(with no load applied): 

a . open windings 

b. bad centrifugal switch 

c. defective capacitor 

d. over load 
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LAP TEST ANSWER KEY: 78.01 .04.02.A2-2 



TROUBLE-SHOOTING CAPACITOR MOTORS 



1 . C 

2. B 

3. C 
H. D 

5. C 

6. B 

7. A 

8. C 

9. D 
10. C 
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Activity Package 



Studtnt: 



Date: 

PERFORMANCE ACTIVITY: Repairing Capacitor Motors 

OBJECTIVE : 

Repair, service and reassemble a capacitor motor. 

Identify procedures for the repair, service and reassembly of capacitor 
mo tor s , 

EVALUATION PROCEDURE : 

The appliance must operate properly. The student is to repair, service 
and reassemble motors that are consistent with the given checklist* 
Also score 80% on a multiple-choice tost. 



RESOURCES : 

Checklist for repair, service and reassembly, test equipment, tools, 
work order form and requisition form. 
Capacitor Motor. 
Service Manuals. 

Electric Motor Repair ,, by Robert Rosenburg, pages 74-79. 
Illustration of a Split-Phase capacitor motor. 



PROCEDURE ; 

Steps 

1. Follow the checklists for ro[)air, service and reaf:isembl y . 

2. Complete the multiple-choice test items for M:is LAP. 
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CHECKLIST FOR RE:?AIR, SERVICE AND REASSEMBLY: SPLIT-PHASE CAPACITOR 

MOTOR 



1- Lubricate bearings (30-w oil for sleeve bearings i general 
purpose lubricating grease for ball bearings) . 

2. Insure that rotating mechanism of the centrifugal switch on the 
rotor is not binding. 

3. Check contact points on the stationary mechanism of the centrifugal 
switch for cleanliness. 

4. Insure that all leads to stationary centrifugal switch are tight. 

Bearing Replacement Checklist for Split-Phase Capacitor Motor 

1. Using proper tools, remove bad bearings. 

2. Replace, using proper tools. Ream to fit as necessary. 

3. Relubricate new bearings. 

Centrifugal Switch Replacement for Split-Phase Capacitor Motor 

1. Label all leads and remove from centrifugal switch. 

2. Remove centrifugal switch. 

3. Install new switch, reconnect all leads. 

Capacitor Check and Replacement 

1. Remove screws holding capacitor (don't lose screws) . 

2. Remove capacitor from holder (don't lose holder). 

3. Using soldering iron, unsolder the leads. 

4. Using proper test equipment, test capacitor. 

5. Order a new capacitor using a requisition form. 

6. Rrsolder IcauS onto new capacitor, insert in liolder, install 
onto stator. 
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Checklist: Rewinding Split-Phase Capacitor Motor 

1- Take data from data plate on mohor* and enter on data sheet for 
split-phase motor. (Page 7-9) See instructor when completed, 

2. Strip the stator. (Page 9-10) - 

3- Check for correct size of magnetic wire. (Page 10-12). 

4. Form fit the paper insulation to fit the stator slots. See 
instructor when completed. 

5. Rewind motor using the form winding method. (Page 13-16) . 

6. Splice and connect all ends and beginning wires of each pole 
correctly. (Page 53-71). See instructor when completed. 

7. Test new winding with proper test equipmenL. (Pacjc 20). 

8. Dip stator winding into varnish. (Page 20 and 21). 

9. Reasseml)le the motor. 

10. Connect motor to power source and test under load. 
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Checklist: Reassembly of Split-Phase Capacitor Motor 

1 . Gently set rotor inside stator 

2. Align end bells with punch marks 

3. Insert bolts and tighten 

4. Instail capacitor cover on the capacitor 

5. Connect motor to power source 

6. Refer to exploded view 




7 
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A SPLIT-PHASE CAPACITOR MOTOR 




Studont: 



File Code: 



78.01 .04.04. A2-2 



Date: 



OQto Published: 12- ?-^- 74 




LAP TEST: REPAIRING CAPACITOR MOTORS 



78.01 .04.04 

1 . If the shaft of a capacitor-start motor will not turn by hand, you should suspect: 

a. wrong connections 

b. a bad centrifugal swtich 

c. a defective capc:citor 

d . bad bearings 

2. When a capacitor-start motor is first put on the work bench, which of the 
following should be done? 

a. check the manufacturer's booklet 

b. use a test lamp or ohmmeter and check for grounds, shorts, opens 

c. dismantle it and look inside 

d. plug it into cj voltage source and see what doesn't work properly 

3. How does a capacitor-start motor differ from a split-phase motor? 

a. the capacitor is added in parallel with centrifugal switch 

b. the capacitor is connected in series parallel with start winding 

c. the capacitor is added in series with centrifugal switch 

d. the capacitor is connected in parallel with the start winding 

4. After rewinding a capacitor-start motor and it appears to be running 
fi.ie, what to-^ equipment would you use to check current drain? 

a . ammeter 

b. low resistance meter 

c. ohmmeter 

d. voltmeter 

5. In a capacitor-stdrt mi)tor\ if the vurpiish is scrnppecJ or nicked in one spot, 
should it be installed in the starter? 

a. always 

b. never 

c. sometimes 

d . occasionally 
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78.01 .04.04 (continued) 

6. When you apply current to a capacitor- start motor and the fuse burns open, 
look for: 

a. wrong connections 

b. a shorted winding 

c . too small a fuse 

d. an open capacitor 

7. On testing a capacitor-start motor, you find the shaft free but the motor hums 
and doesn't run suspect: 



c . 
d. 



an overload 

badly worn bearings 

an open start or run winding 

a shorted start or run winding 



After rewinding the start winding of a capacitor-start motor, and while test 
running, smoke appears from the motor, trouble may be duo to: 

a. a defective capacitor 

b. a shorted v/inding 

c. an open winding 

d. wrong connections 



Which is the proper schematic for a capacitor-start motor? 



A) 



line 




C) 



T 

line 

i. 



c 



cs 



RW 



SW 



B) 



line 
\ 



IRW 



SW 



I inc 




CS 



10. On a capiicilor- start n)olor, if you get d shock when you touch the frarno of 
the motor, tfie motor: 

ti . will not optTcitc} 

b . is open 

c. is shorted 

d . is grounded 
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REPAIRING CAPACITOR MOTORS 

1 . D 

2. B 

3. C 

4. A 

5. B 

6. B 

7. C 

8. B 

9. A 
10. D 
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UNIT POST TEST: CAPACITOR MOTORS 



78.01 .04.01 

1 . What is the major advantage of a tv/o-vaive capacitor motor? 

a. it creates high starting torque 

b. it produces slower speed 

c. it produces higher speed 

d. it reduces starting torque 

2. The capacitor and the centrifuge! switch are connected in series: 

a. with the start winding 

b. only while centrifugal switch is open 

c. only while centrifugal switch is closed 

d. with the run winding 

3. Normally, when is an oil-filled capacitor used? 

a. only on start cycle 

b. only when using a two-valve capacitor 

c. when it is in the circuit on run cycle 

d. only when low current is requir^^d 

4. V/hat is connected to lino after motor reaches approximately 75% full speed? 

a . run windli 

start winding 
d. centrifugal switch 

5. What is taken off the line after motor reaches approximately 759: ^ul! speed? 

a. run winding and centrifugal swi'cch 

b. start winding, centrifugal switch, and capacitor 

c. capacitor and centrifugal switch 

d. start winding and rotor 
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6. What is the purpose of the end plate in a capacitor-start motor? 

a. to keep stator from collapsing 

b. to hold the rotor in center of the stator 

c. to hold the capacitor 

d. to hold the winding in place 

7. What is the purpose of bearing packing in a capacitor-start motor? 

a. house the bearing 

b. to hold oil for bearing lubrication 

c. to hold the bearing in place 

d. sj that the rotor v/ill be held in the center of the stator 

8. In a capacitor-start motor the capacitor is in parallel with the: 

a . start winding 

b. centrifugal switch 

c. bearings 

d . run winding 

9. Normally, where is the capacitor located on a capacitor-start motor? 

a. inside the rear end plate 

b. in the rotor 

c. on top of the stcitor 
d . inside the stator 

10. Where is the oil vv'ick locatv:d in a capacitor-start motor? 

B. be^" • : ne rotor ana CL.'-^rifuqal switch 

split-phase capacito; - start motor cioes not require one 

c. between bearing and shaft 

d. inside tl^e er-dplnte and bearings 

78 01 .0M.O3 

11, V/hcil will the ohimmctcr sriow if thic Ccjpncitor is shorted? 

a. lead on + terminal; - ic:ad on ~ terminal om-high reverse 

b. the ohmmeter \vill show infinity reading 

c the oi^mmeter will cjive o cJifferent rr:c^d\ng 
d. the ohmmeter will show zero OHMS 
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78,01 ,0n>03 (continued) 

12. If you receive an electrical shock from a capacitor-start motor wiien you put 
your hand on it, the trouble may be: 

a, grounded winding 

b. badly worn bearings 

c. bad centrifugal switch 

d, defective capacitor 

13. What is the schematic symbol for a capacitor? 
b. ) I 



c . 
d. 




14. If a capacitor-start motor sm.okcs while running, the trouble may be: 



a. wrong connections 

b. grounded winding 

c. defective capacitor 

d. shorted windings 

15. How are capacitors rated? 



a . power factor - PF 

b. working volts direct current ~ WVDC 

c. Farads 

d. t^cr--:,y. -'^^r - HP 



78.01 ,04.04 



16. How does a capacitor-start motor differ from a split-phase moto:^? 

a. capacitor is connected in series parallel with start winding 

b. capacitor is added in series with centrifugal switch 

c. capacitor is connected in paraMel with the start winding 

d. capacitor iis c3dded in parallel with centrifugal switch 

17. After a capdcitcM* star t motor has hei-w rewoitnd and it has poor starting torqu(i, 
the l?'oul)lt* nuiy bt- 



a . open fuse 

b. wrong connections 
Q c. over loaded 



ERsiC open overload device . P ^ 
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78.01 .0^.0^ (continued) 

18. In a capacitor-start motor, a winding is said to be shorted when there is: 

a. normal resistance in the coil 

b. high resistance in the coii 

c. no resistance is in the coil 

d. minimum current 

19. After rewinding the start winding of a capacitor-start motor and while test 
running, smoke appears from the motor, trouble may be due to: 

a . shorted winding 

b . open winding 

c. wrong conncctioris 

d. defective c::3paciLur 

20. On testing a capacitor-start motor, you find the shaft free but the motor hums 
and doesn't run, suspect: 

a. shorted start or run winding 

b. badly worn bearings 

c. open start or run winding 

d. overload 
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UNIT PERFORMANCE TEST: CAPACITOR MOTORS 



OB JECTIVE 1 : 

Given a malfunctioning capacitor motor, the student will service and repair 
the motor su that tt functions according to the manufacturer's specifications, 
foil owing safe practices and procedures. 

OBJECTIVE 2: 

Using appropriate tools and test equipment the student will take shorts and 
ooen tests. 

OBJECTIVE 3 : 

Using appropriate equipment, the student will rewind a faulty capacitor motor. 
OBJECTIVE 4 : 

Using appropriate tools and test equipment, the student will calculate and 
record amperage, voltage, resistance and wattage of a capacitor motor. 

TASK: 

The student will service and repair a capacitor motor and, in the process, he 
will make shorts and oo^n and grounding tests, using appropriate test equipment, 



ASSIGNK_ iT: 
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CONDITIONS : 

The student will be given a malfunctioning capacitor motor (it may be bugged by 
the instructor or it may be one brought in by a customer). He will be required 
to service and repair the inotor in cor.ditions similar to those in a typical motor 
repair shop. He will be allowed to use any and all tools, equipment, service 
manuals, text books, etc., co.iimonly found in a repair shop. He must complete it 
in a reasonable length of tiins v/ith no assistance from the instructor(s) or 
students • 



RESOURCES : 
Tools: 

Internal -external ^^.nao ring pliers 

7-Piece nut dri^ ^ 

Tool box 18 X 8 . . 

Circular gauge 

Hacksaws 

Pulley puller 

Arc joint pliers 

Lineman^s pliers 

Diagonal cutting pliers 

Long chain-nose pliers 

Locking plier wrench 

Coil tamping pliers 

4-piece standard set screwdrivers 

Center punch 

Cold chisel 

Ball peen hammer 

Lug crimpers 

Wire skinner and straightener 

Equipment: 

Coi 1 stripping chisel 
Armature winder 
Coil winder 
External gror- uV 
Insulation former 
Coil shapers 
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. _ PERFORMANCF CHECKLIST: 
OVERALL PE R FORMA NCE: Sstisfactory Unsatisfactory 



File Code: 7« m OA 00 fll-t; 

Date Published: 11/15/74 



Sex: M F (Circle 1) 



CRITERION 



Objective 1 : 






1. Follows safe practices and procedures. 






Criterion: No injury results to the student or the equip 


nent 




and complies with OSHA requirements. 






2, Follows proper procedures for disassembly. 






Criterion: No damage results to the motor. 






3. Diaanosi? and troubl asi]iiQj:5_Ji]alf unctions properl v. 






Criterion: Wh>-.-r .epair.-^i, the motor functions according 






to the manufacLurer 's specifications. 






4. Reassembles the motor properly. 






Criterion: Appliance functions according to the 






manufacturer's specifications and the 






procedures followed aaree with those 






'-'escribed i r\ the ^^rjcylce literature. 






5. The repaired motor is repaired in a neat, 
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(Checklist continued) 

CRITERION 

, Mpt Nnt 


professional manner. 






Criterion: No damage results to the motor such as opens 






and shorts. 






5, All connections and fastenings are properly completed. 






Criterion: The motor connection complies with the 






- -.maniLfactarer Vs specifications. The connections 






are mechanically fastened and structurally 






sound. The connection is electrically fastenec 






and frpp of defpcf.s. 






7. Motnr functinn? r^rcnrdi ng to t.hp maniif artiirer ' s 






specifications. 






Criterion: Manufacturer's specifications. 






8, Uses appropriate repair part and supplies. 






i Criterion: They match exactly those listed in the 






manufacturer ' s specifications . 







Objective 2- 




9. Test for grounds, using growler of millivolt meter. 






10. Test for shorts in the field coils, using a growler. 




11. Test for an open field.coil, using an ohmmeter 






12. Test for reversed coils, using a compass or bar 
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CRITERION 
Met Not Met 



maqnet test. 






13. Use capacitor checker to check for opened or shorted 






capaci tor. 






Criterion: Troubleshooting techniques reveal the malfuncti 


on , 




as identified bv iob sheet. 




. — - — 


Objective 3: 






! 14. Uses coil -stripping tool to remove coils. 







ll^pc; coil windpr, if appropri ntR. when w ndinci 






field coil . 






16. Uses insu3ation former, if appropriate, when 






insulating. 






I . — — ■ — ■ 

17. Uses coil shaper, if appropriate, on the field coils* 








i 

1 Criterion: Proper equipment application results in a 
i defec;t-fr:ep._afi^i::^iijy.e_.n^ . 


■ 

— 







! 

i Objective 4: - .. - 








1ft. Uf.^s^ t-.t -^.-ij-ipment properly. 






19. Wattage readings are accuirate. 







j 20. Voltaqe readings are accurate. 






21, Mo-^-'Cioe r^^.d^Ags _Arj^-.,c_c.cjJXfile^-- — 






; 22 f^p<; Tst.r^nrH r^adinos r^re accurate. 
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CRITERION 
Met Not Met 



Criterion: Manufacture'^ ' s specifications. 






23. When applicable, mathematical calculations are correct. 






Criterion: AC/DC Circuit Manuals, Westinqhouse. 






2^ The motor is repaired in a reasonable time. 




^ 


Criterion: Not to exceed 4 hours. 














The student must successfully complete 21 out of 24 line items 






correctly to achieve an overall score of satisfactory. 
























; 
1 














' 


. . - 







_ ^. 


— - ' — 







_ 







■ 






1 






i 

i_ ..... 1 






i 

1 







ERIC 



252 



File end.: 78 . 01 . 05 . 00 . A2-1 




[L©(o][70DD[iQg) [ilX(o)©D'D©[iD(3© @m8(£l© 



UNIT: 



REPULSION MOTORS 



Date Published: 



2-23-76 



RATIONAIJE : 

An understanding of theory and applications related to repulsion motors 
is necessary for an electric motor repairman because they are widely 
used in industrial and commercial applications. 

P FOi: REQUISITES : 

tin it: Capacitor Motors 

OBJEC TIVE : 

Troubleshoot , and repair repulsion motors using appropriate tools, 
equipment and procedures. Identify parts, operational characteristics 
and procedures for troubleshooting and repair of repulsion motors. 

RESOURCES : 

Electric Motor Repair , 2nd Ed,; Robert Rosenberg, Holt, Rinehart, and 
Winston, 1970. 

Introduction to Power Technology Principles of Electric Motors , 2nd Ed. , 
Voga Enterprises Inc., Decatur, Illinois, 1973, 

riEMERAL INSTRUCTIONS: 



Thi unit con: i:;Ls of 4 Learning Activity Packaqo.s (LArs) . Kach IJ\P 
will .rovi '.'^ .!.*c i f i.c i.*formation for completion of a learning activity. 

Tne general procedure for this unit is as follows: 

(1) Read the first assigned Learning Activity Package (I^P) . 

(2) Begin and complete the first assigned LAP. 

(3) Take and score the LAP test. 

(4) Turn in the LAP test answer sheet. 

(5) Determine the reason for any missed items on the LAP test. 

(6) Proceed to and complete the next assigned LAP in the unit. 

(7) Complete all required LAPs for the unit by following steps 
3 through 6. 

(8) Take the unit tests as described in the Unit LEG "Evaluation 
Procedures" . 

(9) Procetxi to the next assigned unit. 



Principal Aijthor(s): 
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Resource List: 



Printed Material 

1. Electric Motors; , second edition, Anderson, Theodore, Audel and 
Company, 1971 - 

2 . Introduction to Power Technology: Principles of Electric Motors y 
second edition, Vega Enterprises Inc. , Decator, Illinois/ 1973- 

A set of manufacturer's motor specifications and data sheets- 

Service manuals. 

Checklist attached to LAPs: 

Checklist for Disassembly: Repulsion Motors 

Checklist for Troubleshooting: Repulsion Motors 

Checklist for Repair Service and Assembly: Repulsion Motors 

Ausio/Visual 

Illustration attached to LAP: (1) Repulsion - type Motors (2) Exploded 
view of Repulsion Armature. 



Equipment 



Repulsion motor 

motor to test analyzer 

tools 
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PERFORMANCE ACTIVITIES : 

.01 Operation of the Repulsion Motor. 

.02 Repulsion Motor Construction, 

.03 Troubleshooting Repulsion Motors- 

.04 Repairing Repulsion Motors. 



EVALUATION PROCEDURE : 
When pretesting: 

1. The student takes the unit multiple-choice pretest. 
Successful completion is 4 out 5 items for each LAP part 
of the pretest. 

2. The student then takes a unit performance test if the unit 
pretest was successfully completed. 

Satisfactory completion of the performance test is meeting 
the criteria listed on the performance test. 

When post testing: 

The student takes a multiple-choice unit poat test and a unit 
performance test. 

Successful unit completion is meeting the listed criteria for 
the performance test. 

FOLT -THROUGH : 

You are now ready to begin the first LAP in this unit. Your instructor 
will be available to assist you when needed. 



Studditt: 



File Coda: 
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Date: 



Date Published: 
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UNIT PRETEST: REPULSION MOTORS 



78.01 .05.01 



2, 



3. 



4. 



How are repulsion-type motors classified by the NEMA? 

a. as single-phase motors 

b. as single-phase wound-rotor motors 

c. as single-phase repulsion-type motors 

d. as split-phase repulsion motors 

On a repulsion motor, how can the speed be decreased? 

a. only by changing the brushes 

b. only by changing the winding in the armature 

c. only by changing the commutator 

d. by moving the brush holder further away from neutral 

Which of the types of repulsion motors has either a constant speed or varying 
speed characteristic? 

a . repulsion motor 

b. repulsion-induction motor 

c. universal motor 

d . repulsion-start motor 

The one advantage of a repulsion-induction motor is: 
a . » .o cornmL:t=3tor 

b. no centrifugal switch mechanism used 

c. that it can be called an inductive series motor 

d. no compensating winding 

Which of the types of repulsion motors has a varying speed characteristic? 

a. universal motor 

b. repulsion-induction motor 

c. repulsion-start induction motor 

d . repulsion motor 
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6. What four items are on the shaft of a repulsion induction motor? 

a. windings, commutator, endplay spacer and brushes 

b. laminated core, winding, commutator and brushes 

c. fan, laminated core, winding, and commutator 

d. brushes, commutator, rotor coils, and sleeve bearings 

7. On repulsion-type motors, at approximately what speed do the governor 
weights move? 

a. 3650 RPM 

b. 50% 

c. 1875 RPM 

d. 75% 

8. The centrifugal mechanism of repulsion-type motors comes out of several 
parts that are located in: 

a . the end bell 

b. on the stator 

c. the armature 

d . the stator 

9. What is the purpose of the stator of a repulsion-type motor? 

a . to hold the core 

b. to hold the brushes 

c. to hold the armature winding 

d. to hold the laminated core and field winding 

10. Why is it nec^^ssary to record data on repulsion-start induction motors? 

a. it is added paper work to increase the price to the consumer 

b. it is not required 

c. it is just something we do in school 

d. it is so it can be reassembled the same as it came apart 
78.01 .05.03 

11 . How is the neutral point located if it is not marked on the case of repulsion- 
start induction motors? 

a. motor will run in counterclockwise direction only 

b. motor will run in clockwise direction only 

c. motor will not run in either direction 

d. motor will over speed 
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78.01 ,05,03 (continued) 

12. How many neutral points are the^e In a repulsion-start motor? 

a. 4 

b. 2 

c. I 

d. 3 

13. If the brushes are shifted in a counterclockwi-^e direction on a 
repulsion-type motor, the armature will rotate in a: 

a. counterclockwise direction 

b. clockwise direction 

c. no change 

d. the motor will stop 

14. In repulsion type motors if the brushes are moved clockwise, the armature 
will rotate in a : 

a. the motor will stop 

b. counterclockwise direction 

c. the direction will not be changed 

d. clockwise direction 

15. To reverse a repulsion-type motor that has two off-center brush holders 
which are individually moved: 

a. move either holder 90 mechanical degrees 

b. each b>^usn holder is moved 180 electrical degrees 

c. move either holder 90 electrical degrees 

d. each brush holder is moved 180 mechanical degrees 

78.01 .05. Oh 

16. How is the stator tested for a short? 

a. by using a growler 

b. by feeling for hottest coil 

c. by using a test light 

d. by using a mil livoltmeter 

17. If the repulsion motor fails to start when the switch is closed, the trouble 
may be: 

J. overload 

b. wrong brush holder position 

c . grounded field 

d. improper tension in the spring 
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78>01 .05. 0^ (continued) 

18. If the repulsion motor does not come up to speed, the trouble may be: 

a. incorrect brushes setting 

b. brushes not contacting commutator 

c. grounded armature 

d. dirty or burnt necklace 

19. If the repulsion motor sparks internally, the trouble may be: 

a. wrong bad connection 

b. dirty necklace 

c. shorted armature 

d. high mica 

20. Open armature coils will cause the repulsion mo*or to: 

a , burn out fuses 

b. spark internally 

c. hum but not run 

d. become excessively hot 
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UNIT TEST ANSWER SHEET 
UNIT PRETEST 
REPULSION MOTORS 
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18. D 33 5P 

t!). ^ 39. 59. 
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Date: 



PERFOFSMANCE ACTIVITY: Operation of the Repulsion Motor 
OBJECTIVE ; 

Describe the operation of a repulsion motor- Identify operational 
characteristics of a repulsion type motor. 



EVALUATION PROCEDURE : 

Successfully complete at least 80% of the items on a multiple-choice 
test about this LAP. 



RESOURCES : 

Electric Motor Repair , Robert Rosenburg, pages 81-84, 94-96. 
Repulsion motor. 

Introduction to Power Technology Principles of Electric Motors , Vega, 
pages 32-35. 

motor test analyzer 



PROCEDURE : 

Steps 

1. Reac : -V^'-^^ 81-84, 94-9C Ele ctric Motor Repair , by Robert Rosenburg. 

2. Complete experiment ^4, "Populsion Induction Motors", in 
Introduction to Power Tech:olocjy ^ pages 3 2-3 5 . 

3, Write a description of the motor's operation using simplo electrical 
schematics . 

4, Tako the LAP t<-^t. 



Principal Autho(r(j): t. ziiler 
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REPULSION-TYPE MOTOR 
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"Qmmmm. check listk repulsion motors 



Connect motor to power source and observe. 

Stator usually has one (1) winding similar to the running winding 
of a capacitor motor. 

The armature has winding and is connected to copper bars called 
a conmutator. 

Two (2) end bells to support the bearings for the shaft of the 
armature most turn. 

Brushes made of carbon which fit into brush holders that ride 
against the commutator, used to conduct current through the 
armature winding. 

Disconnect motor from power source. 



2€ 
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EXPLODED VIEW OF REPULSION ARMATURE 




GOVERNOR WEIGHTS 



'COMMUTATOR 
•PUSH RODS 

'SLOTS FOR LOCK WASHER 

SHORT-CIRCUITING NECKLACE 




SPRIN 
BARREL 
BRUSHFS 



BRUSH HOLDER 
FIBER WASHER 

j^BRUSH HOLDER CUP 

^"^1^ SPRING RETAINERS 
^LOCK WASHER 

GOVERNOR 
SPRING 
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LAP TEST: OPERATION OF THE REPULSION MOTOR 



78.01 .05.01 

1 . A test for telling the difference between a repulsion and repulsion induction 
motor is to connect to line voltage, reach full speed, and raise brushes - 

if speed drops, it is a: 

a . universal motor 

b. repulsion-start induction motor 

c. repulsion induction motor 
d repulsion motor 

2. Of the three typos of repulsion motors, which has the higher starting torque? 

a. repulsion-start induction motor 

b. universal motor 

c. repulsion motor 

d. repulsion induction motor 

3. On a repulsion-start induction motor using an axial commutator, the brushes: 

a. ride 

b. remain the same 

c. lift 

d. can do both ride and lift 

i\. There are two types of repulsion-start induction motors, and they are: 

a. centrifugal devices and con. mutator 

b. brush riding and commutator 

c. brush-lifting and brush-riding 

d. brush- lifting and centrifugal device 

5. On i-i repulsion- start induction motor, what determines the number of brushes 
thai ride on tl>e commutator? 

a. the manufacturer 

b. the number of poles 

c. hov/ they are connected to the stator 

d. how they are connected to the voltage 
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78.01 .05.01 (continued) 

6. How are repulsion-type motors classified by the NEMA? 

a. single phase wound rotor motors 

b. split-phase repulsion motors 

c. single phase motors 

d. single phase repulsion-type motors 

7. One feature common in all tyes of repulsion motors is that: 

a. each has slip rings 

b. each has a centrifugal switch 

c. each uses a capacitor 

d. each has a rotor containing a winding connected to a commutator 

8. Which of the types of repulsion motors has the constant speed characteristics? 

a. repul?iun-induction motor 

b. repulsion-start induction motor 

c. repulsion motor 

d . universal motor 

9. Which repulsion-type motor starts on a repulsion motor but operates as an 
induction motor? 

a. repulsion induction motor 

b. repulsion-start induction motor 

c. universal motor 

d . repulsion motor 

10. Which of xhi) Ivpes of repulsion motors has a varying speed characteristic? 

a . universal motor 

b. repulsion-start induction motor 

c. repulsion-induction motor 

d . repulsion motor 




LAP TEST ANSWER KEY: 78 .01 .05.01 .A2-2 



OPERATION OF THE REPULSION MOTOR 



1. D 

2. A 

3. A 

^. c 

5. B 

6. A 

7. D 

8. B 

9. B 
10. D 
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PERFORMANCE ACTtVITY: Repulsion Motor Construction 
OBJECTIVE : 

Disassemble a repulsion motor follov;ing the recoininended steps for 
disassembly as given m the attached checklist. Also, identify the main 
parts of a repulsion motor by labeling each component. 

EVALU ATION P^^ OCEDURE : 

Instructor will examine the disasst.'mbled motor for correct disassembly 
in accordance with the attached checklist. Also score at least 80% on a 
multiple-choice tes t . 

RESOURCES: 

Checklist for disassembly: Repulsion Motor. 

Electric Motor Repa ir, Robert Rosenburg , page BO- HI . 

Illustration of a repulsion motor. 

Service Manuals. 

Tools and repulsion motor. 

PROCEDURE: 



Steps 



1. 
2. 



Follow the checklist for disassembly of the motor. (Attachea) 
Complete the multiple-choice test items for this LAP. 



Principal Aurhor($): t. ziller 



ERIC 




File Code: 78.01 .05.02.A2-0 



CHECKLIST FOR DISASSEMBLY: REPULSION MOTORS 



Put punch marks on end bell and stator (same as split phase 
motors), 1 mark on rea: ^^c! bel! and stator; 2 marks on front 
bell and stator . 

Using proper tools, remove the 
four (4) housing bolts. 




3. Remove end bells from the 

stator and gentl y remove armature. 

Disassembly of armature for repulsion type motors. 

Caution: DO NOT LOSE THE PARTS. 

1 . Pushing on the spring retainers, remove snap ring (lock washer) . 

2. Slowly release the pressure on spring retainers. 

3. Remove from the shaft the spring retainers, governor spring, brush 
holder cap, fiber washer, and brush holder. 

^. Stand armature on commutator and gently thump the shaft on a 
wood surface; the short circuiting necklace, spring barrel and 
oush rods should slip out. 

Z 'r_lcnt\i\/ e^ch cf^m^^ :^!ient of the motor by labeling with masking tape. 
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REPULSION -TYPE MOTOR 
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EXPLODED VIEW OF REPULSION ARMATURE 



BRUSH 
HOLDER 




GOVERNOR WEIGHTS 



R.'^DIAL COMMUTATOR 



GOVERNOR WEIGHTS 



^OMMUTATOR 




SPRING.— 
BARREL 



BRUSHES' 



PUSH RODS 

SLOTS FOR LOCK WASHER 

^-SHORT-CIRCUITING NECKLACE 





BRUSH HOLDER 
FIBER WASHER 



GOVERNOR 
SPRING 



-BRUSH HOLDER CUP 

■SPRING RETAINERS 



LOCK WASHER 
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78.01 ,05.02 

1 . 1'he centrifugal mechanism of repulsion-type motors comes out of several 
parts that are located in: 

a . the end bell 

b. on the stator 

c . the stator 

c . the armature 

2. What is Ihe purpose of end bells on a repulsion motor? 

a. to house the bearings 

b. to house the bearing and center the rotor in the stator 

c. to keep dirt out of the stator 

d. to keep the rotor in the center of the stator 

3. What four items are on the shaft of a rep Jlsion-induction motor? 

a. fan, laminated core, winding, and commutator 

b. windings, commutator, endplay spacer and brushes 

c. bruiihes, coMunututor, rotor coi Is , and sleeve bear ings 

d. laminated core, winding, commutator, and brushes 

U. Before you start to disassemble a repulsion-typc motor, how should it be 

r.) ^rked? 

a. with a piece of cha!!<, draw a iine around the motor 

b. not necessary, just remember the way you disassembled it 

c. with center punch , one mark on stator and end beil 

d. one mark on both end bells and stator 

S. On repjlsion-type .motors, what is the purpose of the governor weights? 

c). CO push the brushes away from the commutator 

b. to comrol th'3 speed of the rotor 

c. to move only the push rocis 

<1 tk^ .Mir'.r tht^ shu)»'l rir ruitiny ntMr.kliKU* ti) sliort out the conuDutntor 
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78.01 .05.02 (continued) 

6. What should be done while disassembling a repulsion-type motor? 

a. you should read all the 'nformation in the book 

b. you should fill out a data card 

c. you should ask your instructor 

d. you should mark the end beils 

7. On a repulsion-induction motor, the copper bar parallel to the shaft is called 
the: 

a. axial commutator 

b. radial commutator 

c. commutator threads 

d. spring barrel commutator 

8. What is the purpose of short circuiting necklace in repulsion-type motors? 

a . to move the governor weights 

b to hold the push rods in center position 

c. to short out the commutator windings 

d. to hold the spring barrel 

9. What is the purpose of the stator of a repulsion-type motor? 

a . to hold the core 

b. to hold the armature winding 

c. to hold the brushes 

to hold the laminated core and field winding 

10. Or; r -pul^i^n. : : : o m(^tors at approximately what speed do tho governor weights 

niov e? 

a. 3550 RPM 

b. 50% 

c. 75% 
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REPULSION MOTOR CONSTRUCTION 



1 . D 

2. B 

3. A 

4. C 

5. O 
5. B 

7. A 

8. C 

9. D 
10 . C 
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I LeaiTiiirBCi Activity Paoka* 



Troubl eshooting Repulsion Motor s 



OBJECTIVE: 



Troubloshoot a repulsion motor following the seeps for troubleshooting 
n'.i qivep. in the attaclied checklist. 



riy AQUATION PROCEDURE: 

Correctly trouble::;hoot a repulsion motor using a checklist. 
Also scove at least 30% on a written mul tipre-choice test. 



RESOURC ES: 

Checklist for troubleshooting a motor. 

Electric Motor Repair . Robert Rosenburg, pages 97-105, 

Repulsion motor. 

Service Manuals. 

T e s t e q u i pine i-^. t , too I ^> . 



P PROCEDURE: 



■■ .}].],(>',: th ' ^cklist for croubleshooting a motor. (Attached) 
Coui;: : • rr alr.ipie-ulu • CO tost items for this LAP. 



PrtncipeS Aulhor{s): 



T. /illor 
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CHECKLIST FOR TROUBLESHOOTING: FilZPULSiON MOTORS 



1 . If motor fails to start when the switch i:? closed, the trouble could be: 

a . burned out fuse . 

b. worn bearings. 

c. sticking brushes in holder. 

d. badly worn brushes. 

e. opens in stator or amnaturc. 

f. wrong brush holder cositiofi. 
g . shorted armatur-e . 

h. dirty comniulalor . 

i. wrong lead position. 

j. necklace shorting armature. 

2. if fnutor does not start properly, the trouble may be: 
a . worn bearings . 

b. dirty necklace or diry commutator. 

c. brushes moving from commutator too soon, or brush spring tension 
too weak . 

d. centrifugal mechanism not assembled oroperly. 

e. brush holder set in wrong position. 

f. short-circuited mechanism worn, broken or improperly assembled. 

g. governor weights jammed . 

h. improper tension \n the sprii-^iy. 

i. shorted armature. 

j . excessive end play . 

k. overload. 

I . shorted stator . 

m. worn lip on brush holder. 

3. Ir .notor heco'^^'rs excessively hot, the trouble may be: 

a. motor connected for i15 volt operatiori but being run on 230 volt. 

b. shorted armature or stator. 

c . overload . 

d . worn bearings . 

e. broken or ber^t necklace. 

f. brush hoidcM- uui of position. 

U. If J no lor is noisy: 

. wor^n bearings or shaft. 

b. lose cenli iruc,]ai device. 

c. sliortcd stator coil. 

d. excessive end play. 

e. dirty short-circuiting device. 

ERIC 270 
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5. If motor burns out fuse: 

a . grounded field . 

b. incorrect connections. 

c. bruj'nes not making con\:act with commutator. 

d. shorted armature. 

e. incorrect setting of brushes. 

f . frozen bearings . 

6. If motor hums but does not run: 

a. wrong lead connections. 

b . worn bearings . 

c. incorrect brush setting 

d. shorted armature or shorted stator. 

e. grounded stator. 

f. brushes sticking or not making contact. 

g. dirty commutator. 

7. If motor does not come up to full speed: 

a. wrong spring tension on brushes. 

b. dirty or burned necklace. 

c. dirty commutator. 

d. shorted armature or shorted stator coil, 
e . worn bearings . 

f . pusli r ods too ior^g . 

8. If motor sp.ii'ks internally: 

a . 0[ r^n ci-^niaU'^-: coils . 

b. dirty i.-(jiii;iiutattv:" . 

c. high fnica . 

d. short or sticking brushes. 

9. Take a resistance reading on the motor field windings. 

Take c> resistance reading on the armature coils. (Record values) . 

10. Plug the motor into 1 1 5V AC power source. 
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n . Take a voltage reading on the rriolor terminer.?. (Record value) . 
Compare with manufacturer's name plate. 

12. Using an arnnu^t-r take a current readinij on the motor, (Record value) 
Compare Vv-itli .'nanuiricturer^s name plate. 

13. Disconnec:l froiTi AC power. 

iM. Co::nect tiecjs U.> -j low D.C. voltage. 
15. Use a compvjss and check for polarity. 
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rROUBLESHOOTINC REPULSION MOTORS 



78.0 1 .05.03 

1 . If the repulsion motor does not start properly, the trouble may be: 

a . the push rod is too long 

b. an open circuit in the stator 

c. brushes moving from corrii"nutator too soon 
d . wrong, bad connc-ctions 

2. if tiie repulsion iiiotor keeps buriiing out fuses, the trouble n\ay be: 

a. a worri brush holder 

b . a shorted field 

c. a shorted armature 

d . worn bearings 

3. If the repulsion motor becomes excessively hot, the trouble may be: 

a. a dirty short-circuiting device 

b . v^orn brush,es 

c. a grounded running v^/inding 

d. a broken or burnt nec:klace 

4. A mill ivoltmoter used to tost armature for: 

a . opens 

b . : ev ijrse ' 

c . gr( ' - 

c.i shor't"^ 

5. A grovvler is used to Lest ihe: 

st^'^.or (or hihu/Ls 
J f" ' ', '.1 K 'J. r C: i or 0 p cj '.' ^ s 
uor for grounds 
cjrn>aiL;rc i:)r shorts 




b . 
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0 1 .05.03 (continued) 

VVdat is used in 'ce-^ti'^^g for grourids? 

a. voitrreier 

b. a DC batter / and cc-npass 

c. an interna! gro'.vier 
d . i\ test !a:np 

How is the staior tested for a short? 

a. with a mil iivci^vpeter 

b. with a test hghi 

c. by feeling for hottest coi! 
d . with 'A g ^'ovvi er 

If the repulsion niotor hums but does not run, the trouble may be a (n): 

a . shorted stator 

b. open armature coil 

c. opePi in start winding 

d. grounded stalor 

if the repulsion motor fails to start when the switch is closed, the trouble may be 

a. a wrong brush holder position 

b. an overload 

c. iinproper tension in die spring 
d , a grounded field 

If th^e repu!':^ion i^iotor soas^ks internally, the trouble may be: 

a . h jg!" -o^. 

b. wrofKj/bad connectiori 

c. a shorted armature 
d . a dirty r;ecklace 



LAP TEST ANSWER KEY; 78 . 01 . 05 . 03 . A2 -2 



TROUGLESMOOTiNG REPULSION MOTORS 



1 . C 

2 . C 

3. D 

4. D 

5. D 

6 . D 

7. C 
8 . 

9 

1C. 
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OBJECTIVE: 



Repr:\ir, St'^rvico and roassetable a repulsion motor foilov/ing the stops for 
repair', o r v i c ^'j -a n d y: r- d s einh 1 y on a given c Jie c k 1 i s t . I d o n i: i f y j o c t ^ d u r o s 
tor tiio rex^alr^ service- and reassembly of repulsion mc-rcro. 

E^/ ALU Aia CJJ-I _ ? HOCh^. U i : 

The motor must opur-nte properly. The student follows a checklist on 
repair, service and reassembly of the motor. Also score at least 80% on 
a multiple-choice tost, 

RESOURCES : 

Checklist for repair, service and reassembly: Repulsion motors. (Attached) 

Elec tric M otor Re pair, Robert Rosenbvirg, pages 97-105. 

Repulsion motor. 

S e r V i c o Ma n u a 1 r, . 

■"J s 1 equ 1 pmv \\l , t on 1 . 

1 1 iusr.rwi Liovi: RepuU^Loi^ motors 
To s c |u i i.>meiU ; vcmu , q r ow 1 o r 

PKOCEDUbJi:.^ 



Stops 



i- 



Follovv the checklist for repair / service, and reassembly of a 

mo cor . (At hf*^chGd) 

Co:i;pLMLo th:: iiui I t-.iple-'Choice test items for this I^AP • 
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L.ii&CKLiS r POPs REPAIR, SEKV'CE AND REASSE^'SLY: REPULSION MOTORS 

S E RVI CING REPULSION MOTO RS 
I . Check armature commutator for proper briish tensiorK 
2. C^iec!; commutator for smoothness and no build up betvveer"i bars. 



:> . Check for proper brush seating on commutator. 

'4. Check for cleanliness and proper movernont of short-circuiting 

'^jv icr. . 

5. Check push rods for freedom of movement and cleanUness. 
fj. ChocK Tor over all cleanliness inside p-vJ olU 
7. Lubricate bearings (30 w. oil) . 

REPAIR OF REPULSION MOTOR S 

\ . if bearings are bad, using proper tools replace bc^ciriiujs, 

^. \\ coiimiutalor is grooved, use lathe and cut dovviu sfii:;och and 
undercut between bars. 

3. Check brushes for proper wear and length, 
a J ^ec k brush spring tension. 

■ . ^'::r\c} prop'^^r test equipment, test field coils ar^d armature windings 
ior j>hcrrs, open: and grounds. 

REASSEMB_LY OF R EPULSION MOTORS 

1 . '< sj^r U) ihc attached exploded view of armature: 

.J. Insert push rods into holes of armature . 
o. Lay necklace around spring barrel and slide over shaft. 
. Slide brush holder over the shaft. ins'^»-* fiber washer into 
brush holder, insert brush holder cup, qov'.;rnor spring, 
■^priug retainers and sr^ap ring. 

I. \oseri proper brushes into brush holder. 

3. Align front end bell with marks. 

ERJC U. CiPntlv si in armature into stater and front end bell . 

2 ^ 



[] 78 .01 .05, 0i4.A2-O 

5. Align raar end beli vvit^ marks (bring ler.ds out] . 

G. !ns2rt boKs and tir^htcn. 

7. Connit'-.'t to pov'/er source and check operdtion. 
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EXPLODED VIEW OF REPULSION ARMATURE 



BRUSH ... 
HOLDER 




TY"\\ , _,,.GCV£RMOR WEIGHTS 



RADIAL COf#iUTATOR 



GOVERNOR WEIGHTS 



^-COMMUTATOR 
^MMU- .-PUSH RODS 

r.^'.^.--SLOTS FOR LOCK WASHER 




SFRING 
BAiiREL 




HORT-CIRCUITING NECKLACE 

BRUSH HOLDER 
^ FIBER VJASHER 

® iW— BRUSH HOLDER CUP 

,/-|-^^PRIHG RETAINERS 

^ ^ LOCK WASHER 



GOVERNOR 
SPRING 
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L/\P TEST: 



REPAIRING REPULSION fv^lOTORS 



73.0] .liS^On 

I . iiow :rf:-iriy ru?f.;tral pojn^:s are thore in a repulsion-start motor? 



• ;>/ V:.- r...».itrni po^ni located if it is not jnarkc^d on the cirso of repij ision-start 



-:i . iricior will over speed 

o niotor vvUi run in counterclockwise direction only 

c. motor will not run in either direction 

d. motor will run in clockwise direction only 

3. u type Of material are brushes made of for repulsion-type motors? 

:> . cziroort or grr,ph!l.e 

• : . coppcrT or i'?cid 

'; . qraph ice posl 

..' . -: :r^::::-i 

f\ : r •■;v.:lsion-typv3 motors the staler winding is usL .liy known as tiie? 



0. indijcitiQ winding 
S reverse- ^ repu :5ion-ly po motor th-^t has two off-cente^ brush ♦" olders which 



2 
3 



>.\ . ^:-ch brush holaer moved 180 electrical degrees 

b, vr v:.;: brush ho'cior is moved 180 mechaj;icai degrees 

'J. n::;vc: -'Lh^:r ;~.o:der* eleclricdl degrees 

d. move oithir iv)idor ?C mechanical degrees 
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(continued) 

(.i.j 'J b.' ush -r:ding repulsion moN^r, if the brushes are shifted to the ieft, the 
^^ i'i/if.' .ur vvi i I .• oi-ite: 

J., varying the spoc-d 

rj . clockvv i 50 

•i\ . LOuntt^rc!oLkv/is::j 

7. in rcjpul'iion-type r:iOLor^> if the brushes are moved clockwise, ihe cirrnature 
i • i . t:te in a : 

r: . doc /vis:; direction 

; /iiw; .r-c^-jckwiso direction 
.: . i* fi :;'or- i ! 1 stop 
d. inu direction will not cfiange 

rvhat is cornrnoniy referred to as a '^pigtail" on brushes for a repulsion-type 

H'lotor? 

:\ . type of connection in stator 

b. type Of connection in armature 

c . copoer wire on one end of the brush 

J. typo of connection in the commutator 

M If -lie bruslics are shifted in a counterclockwise direction on a repulsion- type 

i:;v'i'jf\ the armalur*e wi/l rotate in a: 

■\ . no change 

b. .:lockvvise direction 

c , 'be pnotor Vv! 1^ stop 

d. COL'. :/!ock\'v'^ direcUv^.'r. 

10. If a ropulsion-stari induction motor is set on the soft neutral position, how can 

this be checked? 

a . 'A Lbi an ol li^^rnoter 

b . vv I vb L ; I ammeter 

c- with a voltmeter 

d. b/ ir/ovincj brushes so motor will not run, then to the right slightly 
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S;Mr!-.-;nJ: 
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UNIT PO^^T TcST: REPULSION fvtOTORS 



1 . A Jest foT' teiSiiiq the differencr^ Luiiwcei^, a repulsion and repulsion-induction 
uu')lOT* is corinert lo lino voltage, reach ;i:n speed, cUKi raise brushes -- if speed 
drops , it is a: 

z. rr'p!.j( (sior^ induclfo^n motor" 

. up.i V ersai nmtor 
r: . r •?pu 1 s i on ir. o tor 
d, rtpulsion-starl: i/iduciion ir^oior 

2, Of H'le tr»r ee typeis of repulsion motors, which has li;e iwcjiter biariing lorque? 

a . universal motor 

repuision-start induction motor 

c, repulsion induction motor 

d. repulsion motor 

. What is the pur|-;ose of cs compensating winding in a repulsion uictor? 

a. U) raise th:^ {>owor factor and provide better speed rocjuialion 
h . vo lower the ;."iOVvc " factor 

u. i;o iuvvc* l.hr; prvv... i'actur and yet' iviore speecJ 
d , to yet nujre FlP.vi 

'■j-. v/hich of t.yp'-'^s r)\ i opulsion motors has the corisiant spe^j.i cr jariicteristics 
c . universal motor 



CI 



:;J-.r starts on r^ipuision I'aotor buL operates as an 



(.'»u! J-' -- - inclL'Cnon rno.or 



rLpiih>i()n ir>ducnon motor 

:.[■};.. .r:-.t;;l - fU)' ;;r 
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6. B^ztore you slai c to disasserubfe repulsion-type motor , now Siioulci it bo marked? 

3. not rrecGSSory, just r'emernber che way you disassembled il 

b- wiUi H piece of chali-., draw a iine around the motor 

c. vvitli ci'^ruor puinch, ! marl*, on starter and c-rid b^ll 

d. ('lie 'r:rr!'. o-; ^.-r?!!) end bells nnd starter 

7. Ofi a repui^r^^ion stari induction run motor, the^ copper bars thai i^.re perpv^ndicular 

to ii ia s:\c.ii ar^: ca! ied: 

£i . spring bari el commutator- 

!o. reciia! comiViuU^LOr 

r CO! r; iViifta tor- ^-h I'Gads 

d . 3:< ecu?;;: 'j;^i.or 

8. On repi,rision - lypi^' mciors, what is the purpose of the Cjovernor v/eights? 

a. to mov'e onlv the push rods 

b. to control the speed of the rotor 

c . to push the brushes away from the commutator 

d. to cauSG the short circuiting necklace to short out the commutaU)r 

9. VViiat is ihc purpose '.:;f liio spring bar^-.;l on a repulsion inotor? 

a. \t f'\Glo5 to rc:iMcv'c^ the governor^ springs 

b. il moves I'we y lj-v^j ; i-jr weighls 

c. it has rjo real purpose 

: J . it I'lOids the short-circuiting nt-ck'ace ii: place 
U> . On r •'•t-/.;L-!s!Oi-^- i,. -^jctio-'i motor, the bai^ parailei to Vau sh.afl is called 

a. comiTii.-Lator thread 

b. a^cia; commi.i.ator 
c . rzi-'A ■ *' I ccrifiin^'^itor 

d. sp: '^-^-''^-j; :.:o--.-;;riLitaLor 

78_-0! .05 03 

II ir.^ r^v/'Ml - -^iwi c \i}<hjiAU>:'\ maior is st^i or^^ the soft noLitral fjosiiion, this 
can h'.' cht.M^:i':i.^d 

vi . ciiV:in;Hr r 

I V :K I (•i^.mmiyLcr 

c . a voKmeter 

d. moving brushes so motor will not run, then to right slightly 
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78.01 .05.03 (continued) 

12. VVriat is co;;;n>or,iy referred to as a 'pigtail" on bruslios \or a repi!?s?o, ty pe 



a. ihe typ'3 of corniection in the con^-riutator 

. ihe tyP^' of coru'iection in staler 

c. the tyr^e of connection in arrnatLirc 

d. copper wire on one end of the brush 

a b- ' ;'^/i--ri';i!;<Cj repulsion motor, if th:^ brushes are sf-iifled lo t.h:?* 
d ic '. . laiLire vv i i ! I'-otate: 



:i . ccu.'O.orclockwise 

b . Ihe tfiolor stop 

c. ana wil! only var y tf-ie speed 

d . coiinterc lock wise 

14. RepL(lsion-type motors with stationary brush holders can be reversed: 

a. by rewinding the armature 

b. by reversing end for end the staler 

c. cantiot be reversed 

d. by rr-vvii-.dinc; thr: svaJ;or for opposite polarity 

15. On a brush -Mfting repulsion motor, the brushes are shifted to ihe righf and 
i! M i'l'jciiLi r e vv i 1 1 i olaio. 

ji clockV'/i?e 

b, a^'Ci wih oiiiy vary the spe*j.cl 

c . . : rr-.oi'): • ' . ! ; sU)p 



78^01 .OSJJJ^ 

16. If r.'u':'lor is noisy \n oj.-^eretion , it may be caused by: 

h , vrc^en bearings 

rj .1 >; ;Mt t^:d ^Ic'^'sr coil 




The pr-oper ^^/'jy U) ny.irj'w higf'i iViICA is to: 
a. '•'iean commutator with ofnery clotfi 

i^. CLirn clown tlv.^ armature in a lathe and then undercut the MICA 

c, file down the commutator and use a hack saw blade to ur\dercut 

d. replace with new commutator 

2'J2 
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78 .01 .05.0^[ ( c on t i n ued ) 

18. A growler is i:sed to tosl the: 

a. orrnature for o:::en? 

b. stator for grounds 
c . staler for shor lS 

vd . ai inaiu.' e for shurts 

15. :f \i-ie rootor i<:eep5 bjrr^ing out fuses, the trotibie may be: 

ci . a worn briisl'i i.<.Hder 
I:) . worTi bearings 

ci . :\ !:.:'i---ricc.: n-.: ;d 

20. If tlie moto?- boconu^s excessively hot, the trouble may be: 

a. a broken or burni neckiace 

b . worn brushes 

c: . a dirty short-circuiting device 
d. a grOLjnded running windings 
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OBJECTIVE ) 



78,C!.C5,00.Al-5 



b--: i'l F (Circle 1) 



v^^n Hi.' i i"unc t ! Ci 
the iKOlor so that ^ 



'•Q 'ir^.-^T T Mr 
\> u . 'j l 



OBJ EC i I Vn^ 3: 

Using f^oti-opri ci t^j 3Cj'.)"{ pi;;eri!: , ':h' 



'owlnd a fc:tijlty vvrpinsion motor. 



objective: 4: 



TAS;- ; 

V i 1 . : 



. : 



vc;*^ aricU in the process, he 
.'.l; appropriate tesi equipment. 
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Ttie S':ncl6nt will be givet] nir M'i'i:ci. 

Lh- ' ii< rviK.tor or it iKuyo.-^ bro.;/; 

to Sr-;v;c^^ and rc:p^i-* -'h:/ 1): l 

iiiotor r'^^p-iir shop, lit ^^'li- I') ei'vV. 
survive* Mrinra"! , text ^-jjIs.:.. jU;., . 

cosnpluii: i t \ii c ^^^cS:o^^.^ ' •. ;.^i:Cii:;i 
i/ist' rctor[s) or sti:',!:::* i:s 



't'eiHilsion irotor (it may be bugged by 
y i, •.L!sv::;;n:.:: ; . Mc vn'l] be required 

c;- i\:)y 'i'i\rl a:^ too";s, 5qi:'^p^]erit , 
f.M.ind ir. a ;\ip^ir siiop. He must 



;ir50iii<c:cS: 

7' i ^:ce nut ar i ver 
To-Vi 18 3 " 

Pi! I ley pullev- 
Ai c joint pi iers 
L ! Mciiifiii ' s D i " ers 

Long chain -nose pl^ovb 
Lock iog u i ie- i-'^c^rich 
Co'f i Uinp i p { '1 Lrs 

L 0 ! I W I ( ; . ^ 
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■^J: ..JAJ]\ ..0.5. J)!). 



:ex: h F (Circle 1) 



ivliA Hot ivtel 



Ob. 



'vo u res 



^'-J.'-^'^'^ rrc:y:j;- ijrr.::ofJu^ tos ^'oi' cii S05::^8nib ly . 



if ='1: 



- ! 
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jViet Not Met 



0 iiiOTo:- ^:i<;;h a:- 



ac': jrer s spe*:'! c.: oris . ifh: c 



'1"' vic^": :om:;; . 



t! u - L 1 Lii'ilij - 
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"-^^^it appn cfili Oil resuii 



EKLC 



2l'9 



ERIC 



3 1> ^ J 



] A. r 



.1 ■iU<{ 



EKLC 



78.01.0o,00-A2-l 



Printed Materials 



KK.-Lr-v- Mo^vJr6, (:>na =-:d.) Anderson, Theodore Audol and Company, 
ttV;!^\:ricr"Mcr^ %r^\i£' ^^^^-^ Rosenborg, Holt, Rinehart.- and 

- ,70."" A7;et of manufacturer's motor specif ijaL.ions 



■.nd da I'.. 



T^nd"'l^:d~r)V 'v-qa lirttei-piTso^; Inc., Dccator, Illinois, 19 73. 

rheelvli.a; Ch-cklist for troubieshcot iuq Polyphase Motor.- 
'in..-, rhase Motor disassembly . 



Aud io/Vi sual 

..,1 I. L:he.;kiist:: i^olypliase MoLol;; . ..qi ■ i l;! L u.i: C-rm 

i; I J \iL.LLatioii : rolyphafje Motors 



thr tijc. rno t:or 
b.ill pt.eii fui^^im^-r 

e. .Id ;d!isel 



E quipment 



amprobo or aiTumeter 
oliwietei: 
voltmetei: 
qrowler 
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^: VJiLUAT ION PROCE DURE : 
When pretesting : 

i. Th'.i stixU-r.r:. takus tiiM unit tnul tiple-choico protest. 

SiK.-ceS'.-. luJ ccmploti.on iij -^l out of 5 itoras for ecich IiAP pai-t 
ot the pret-.}.S'c. 

. Tht.- i;.tadenL then t'?J-u.^^ a unit perforiaance test, if the \inir. 
y>r : tc s t w.i : : : : J c: c e s 5 f u 1 1 y c ornp 1 o t ed . 

Sa tisf ncroi-- V L;v:i!iplet:ion of the perf ornkiuco test i?: nv:^oting 
riio criteria*. .!.i:5tea on the performanco test. 

Vs' hen ; --o t t e s t i n cj : 

■fnc:- ■:tiid':i Ji multiple—choice uiu t pose tc^jt Jsiul a unit 

p e I' f o r n 1 c • L < : :j l . 

S ucc a s s f u 1 u n i t e:oiiip lotion is ino e ting 1 1 u:.* 1 i j '.."-'d c r i { . o r i. a for 
^. ht'i V To r':aa n cf^ t: ^.^^^ t . 

Foi^LOi^-;] jmou^ : 

At ti;i:; time you are ready to begin the first f^^P m r_hi:., ui^iit- 



ERIC 




OotJ: 




■lountcin-Plainu Education ut — IIZj 
SiC^.-sgcononUc Development — ^ 

: :^.0\ .05.01 



UNIT PRETEST: POLYPHASE MOTORS 



Xhree-phase ,iV3tors have one fairly constant characteristic which i^s: 

a . torque 
h>. speed 

ci . ah have ball uo-::r irigs 

riiree-phasc: n.olors vary fro;7\ fractionai/horsopovvcr size to: 

a. several huncirco HP 

b. a few HP 

. several tfiousancl riP 
cl . several HP 



3 Polyphase motor 



o . D -C wiotors 

c. A-C:/D-C r/iotort: 
d . Lhii versa 1 fnotors 



1 liLJ COi^S 



iwM c;:" a vhr ae-^ . 'y^ 



motor is similar to that of a; 



c . 



,h.?cic:l-j-^-'-';: fnotor 



3 ...aip c:f a Lhree ;->hase motoi" are end-pjates, sralor, ar^d: 



- 1 
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78.01 .05.02 



6. 



An A -C motor- that 5s desigriuci for e 
oper'atioi: \s .lalled a: 



ither three -phase or tvvo-p!iase 



a . polyphase rf>o:or 

b. split-phase capacitor- start motor 

c. repiiisiorv Iv'P^ motor 

d. Si:»!it~phasG rriotor 

7. What is the diffi-rence beU/een a squirrel-cage nnd a v;ound rotor on a three- 
pi sase nK)t<>r? 

a. there is no difference 

b. sam;: but uses ba!i bearings 

c. vyountJ f-otoi has siip ririgs 

d . same but uses sleeve bearings 

8. What is tl.-- purpose of the stator of a three-phase moior-? 

a , to center the rotor 

b, to enable the shaft to turn 

c, to hold the bearings 

d, to liocse tlie ia/riinated core and windings 

9. Where is the squirr.:)- cage winding found in a polyphase motor: 




inside th.e froni t-nd plate 
inside ti'ie rear -nd pli3le 
on the stat<ir 



10. 



What t^i^ .lifu:. • b:e^.v:^e> o -jui^rei 



-cage and a wound rotor on a three- 



a 



there is no difference 
v/ourjd rotor has slip rings 



c 



same bu( ii ::--s ijeil b-arings 
Sr^Mic: bul L:ses s.e^;vo bearings 



78 . 01 . 06.0 .^ 



1 1 



Rovvr:-es in a pt^b/phase aictor may occur in: 



a 



coils 
[ji ujsus 
groups 

fjll answers arc correct 
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78 .01 .06.03 (continued) 

12. in a polyphase d-^lta-connocted motor using a test lamp how would you determine 
which piiase is operi? 

a. place one lead at delta point and other on each phase iead 

b. you can not test delta connected motors for opens 

c. disconnect the phases and test each phases separately 

d. disconnect at delta point and te^t each phase separately 

13- ipj 3 polyphase star-connected motor using a test lamp how wouid you 
detarrnine whichi phase is open? 

a. disconnect: the phases and test eaci^ phase separately 

!j place one test lead at star point and the other on each other phase head 
. connect orv: test lead to star point and the other to both soclions of phase 
d. disconnc:cl al trie star pDsnt and test each phase separaioly 

1U. How would you locate a grounded phase in a polyphase star-connected motor, 
usiiig a test lamp? 

a. place one test lead to motor frame and one test lead to one power lead 

b. place one test lead at star point and the other test l^ad to each lead 

c. disconnecl phase at leads and test each phase separately 

d. disconnect at star point and test each phase separateJy 

15, !n vvr^al vvcjy is an internal growler used to test a polyphase motor, parallel- 
cori:':ert:::d ior r^hori'^l 

a, paraiieis disconnected, growler in position-bad coils beccne hot 

b. parallels disconnected, note vibrations of hacksaw blade 

z. t!'.^ ■ -^vler in position, defective coils will become iiot 

';i , / ' v'i.>^ :i:w . >f a heicksciw blade 

7R.01 .n&.o^i 

;).vTse !iiul':r r^tuiiire taping but have semiclosod sirr^ -re [<j\)QCi where? 

' r I i V r ~ I . . ' ' ■ 

'^h , >' .-. 'f.-.- .^ii"-. ".{■[■■ ""^-^ays ^.v^^nrid on: 

i(.-)riii- or '.oil 'vvinding iioad.s 
LfMl w'i nr. !'[?!.. J (m: kJs only 
fr'ee handed 

hlocl;s of W(nul O / \ o 



16. 
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b . 
c . 
d 
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78,01 .06,04 (continued) 

18. The practice of winding coils in groups for three phaijo motorfs is caiied: 

a , skein wind ing 

b, diamond windiiig 

c, lap winding 

d, group or gar.g winding 

19. The coil winding head for three phase motors having six sides is caiied a: 

a , iru J sh ty p'c: 

b , a diamond 

c, garjg 

d, group 

20. What vv/ill happen if you scratch the insulation in one spot on -a coil of a three- 
phase fiKitor? 

a, it will shorl: out one coil 

b, the motor will not run 

c, it will ground out the entire motor 

d , the motor v/il! operate normally 
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Datu PubiisliotI: 
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OBJECTIVE; 



Oo scr i.b' 7 tho. r j t in" i o 1: 

r;(-ihr)r c.vr ci: J. Lo - : . 
motor , 



Drnw a schematic of the 
of the three-phase 



t o s :i bo u i; L 1: i r i liA : ' 



RESOURCES : 



E 1 e 'J tr i c Mo t-Oi" Rl: t ^ , : i : ; • i ^ j : 



I r : ^'CL LL" Motf.-.r:;, Er.porimont 



i: 1*1 r no. - f->h, i s i-: ruo to r 



in tho EltL'CJtru: Moi/v-,;, aiui p.;c>-. i\in-}.')7 \.. loct.r ic Mot' or 
Rc'p I i r . 

.;^.•'.:^,)^■,■} i !h I ^ : i. ' f ' 1 ' i • I ii^W'llI- ;ri)/ pp. 4(]~4l^ ill 

( . ; : „ r ill..: ; L . . ■ '( i ^ \' ■ .';';'.*] 'J : V '. ' 



7, i 1. i • ' r 
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, . 78.01.06. 02. A2-0 

rile LCJtt: . 



^-.^ 2-M-7(^ 



...iiiir t;« v<']opiiU*lil 



I Las''^iiii:?'-tia Aotii/itv Pa^skam 



f.] ^ ^ ;;:uil(.v-j:i; 



: J •/ 1 c^i b -sj 1. i n 'T v; i 1 1 1 i n a i 1 1 n '^ -p o 



.■r".:uT cvU' ]iot:L:\M of tl'i' : :::ro^Js cor rola l.('d fn i.]i,> st.-ns ait/iclu.d. Proper 



i i ! '.n^Lt^af- ion: ■'(.> 1. ^ o i'U;t.i.)ro3 



.-> Ui "(j^ 
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THREE-PHASC MOTOR DiSASSErfBLY 



78.01.06.02-A2-0 



1. Using ^ ball peen harninor end center punch , put two (2) punch marks on 
the end ball and on the staror, on the end of the motor in line with 
each other and v/itlnr: ^j" of each ot^ier, 

2. Using the Sciuie to-./ls, put one {).) punch mark on the stator and end bell 
in line with step 1 but on the other end of motor and within of each 
ochev^. 

3. Using a nut driver of proper si2e> reiiiovc the four (4) nuts and remove 
the long bol t:s , (Caution: do not lose tl^e nuts) 

tJ^ing 3 ball nf.ntine.' and ccid chisel, gently tap the front end bell 

'Where it vtieet-^ x\\^ - u.ator on stiaft end', v/hen loo^:e, slide the end bell off 
tl;-^ end of shaft. 

. i-iriiiiy hold n.itvj t^e shaft and pu i i straight out. Try not to let the rotor 
Ci on the ^t.ator laminations. 

i.-irsg the tools irj step 4, gently tap the rear end bell loose. Do not force- 

7- To remove motor^ protection (thermal relay), remove the two screws with 
a screv/dr i ver.. (Caut'ion: do not lose the screws) 

Turn in the cii cas^eiiiL^ly checklist, ieienti fi cation list, and LAP to the 
insLVijcLo!^ and jisk any questions you may h<jve over any pfiase of the dis- 

7. ei.,.: i y 0 i iilCi i^i:': tuT . 

':■ . i.':ncl all [:..i-'ts of the ii^otor using tfie names shown on the attached motor's 

fj : * .'1'::.^ 'j \ aw d': a:i:"c ^n. 
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POLYPHASE MOTORS 



?«.0] .06.02. A2-0 





/o.in .UO.UI 
7-i,01 .OG.02.A2-2 



2 ■^-7^l 



L^':'^i'^SL: vw^ i ok rio^js i i^ul. i ion 



J . ravels 



si ij ) - r'liKj 
t oi !C<.:i )i r i 



Ml- ■ !!■ 1 



ii -ijiji-iv.y 
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icr/ j -Mini a spl it-[:i\ase lias? 



, t!u: coitb iii the slots c;f the su'iiur art' connected to 
vindir-^.y .^nd are called: 



Ji; - ji.., J !^.::-\veen a :;quirrGi-cage and a wound rotor 



;.it ~> '.s:!! bearings 
;it 'i.. ^ ieevG bear ings 
. or has slip rings 

. ; ''^-wc^rice 



I r t ) I i ) 1 



is designed for either three-phase or two-phase operation is 



^::p.-c:tor start motor 

.;i : ;r,.J-r 
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LAP TP.sr amsvvi:r ;<f.Y: ye.OT .os.oi .A2-2;7o,ot .or).o2.A2-2 



'ul^ATION OF THE F'OLYPt iASF MOTOR/POLYPHASE MOTOR CONSTRUCTION 



i . u 
2 . U 

ii. D 
/.. 
D 
A 
D 
C 
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I ..,4 l.emmmg Actwitf ¥acKage 



inrvi;^ J^ICH AC ^'S ViTV : !X^:?Hj^L!:iJ^--^^-'.^-^'') ' o^yphajsc Motors 
OBJECTjyi-:: 

Die^qno:^- :i threo-plv^y^i f o.l. l.ow.i ng ciu- steps for troiible- 

The fi;otor must be a.iajaojuci o.op^rly. Tho hLuucuL x... Lo 10 1 Low a 
r'h.eck T i-::^ t for troiiVri osl lOot ing ci mot:or, 

Chedvl Lst for troubicshootirKj polyphase motors. 

Test equipment, tooln and work order norm. 

Th r e e - f> h a s e motor . 

S e X V i l: b\a n na 1 .-^ f o r v. 1 : o mo to r . 

I : I £ t.: t r ic ^tG t or r:c- p i r , Robert Rosenberg, pp, 

s teps 

i, ."'oLlov; heeklirr^t for troubleshooting polyphase motors. 

^Nj,,;- . ,r to t:ii^ t-...: 'odod view of a three-phase motor. 

CoiuViore the muit 'i^ -choie:. test items for this LAP. 



Principai Auihosis): T. Ziller 
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CHECKLIST FOR TROUBLING POLYPHASE MOTORS 

Inspect the motor to detect mechanical troubles. 

A- Broken, cracked or warped end plates (or bells)- 

B , Badly bent shaft. 

\ Broken or burned leads. 

D. Broken centrifugal sviitch. 

E. Check shaft for free rotation, 

r. Check shaft end play by pushing and pulling shaft - if it slips over 
it may not engage with the centrifugal switch. 

G. Laying motor in normal position, check for up and down movement, a 
rough check for possible bad bearings. 

H. Check for grounds and opens (with testlight, bell, ohmmeter) . 

Inspect motor for continuity. 

A. Short test on fields (ohmmeter). 
Record valve . 

B. Opens test on fields fonnimeter) . 
Record valve - 

C. Grounds test on fields (growler or ohmmeter). 
Record valve ■ 



Connect motor to power source. 

A. Does shaft rotate? . 

B. Does motor have a loud hum and v-otate slowly? (If yes, start winding 
is shorted or bearings are bad; centrifugal switch is on) 

C. Does motor have a grinding noise? (bad bearings) 

D. Does motor smell or feel hot? (winding are shorted) 

E. Check voltage source (voltmeter). 
Record valve . 

F. Check current (amprobe or ammeter). 
Record valve . 



Disconnect motor from power source. 

Lnnipptre r^nM.3s vyith manufacturer's specifications. 
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Reverses in a polyphase n^otof may occur in: 

a. phases 

b. groups 

c. coils 

d. all answers are correct 

In a polyphase delta- connected inotor, using a test lamp, how would you locate 
a grounded phase? 

a. disconnect at delta point and test each phase separately 

b. place one test lead at delta point and the other test lead to pov^/er leads 

c. place one test lead to the motor frame and one test lead to one of the power 
leads 

d. disconnect phases at leads and test each phase separately 

If a polyphase motor produces a noisy hum and prevents the motor from pulling 
full load, the trouble is: 

a. a reversed phase 

b. an open paralle! connection 

c. a defective controller 
d . frozen bearings 

How would you locate a qrounded phase in a polyphase star-connected motor, 

usi ng a ' ' ' :\.fp? 

a. disconnect phase at leads ana tt:st each phase separately 

b. place one lust icad to the motor frame and one tt:st lead to one power lead 

c. disconnect at start point and tost each phase separately 

d. place one test load at star f)nint and other test le:id to eu^Ji lead 

li^ o polyphas^:: nuMor, if there is a reversed phase, tlie motor will: 

J . 1 j . o in vi e ^ c c s :j 1 V cj i y i " f ) 

b. not run property 

c . run i.^roper ly 

d . lull t'j siart 
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78.01 .06.03 (continued) 

6. A balance test on a polyphase motor would indicate: 

a . grounded coiis 

b. shorts 

c . open circuit 

d . reversed coiis 

7. If a polyphase motor fails to start, the trouble may be: 

a. reversed coils or group 

b. a reversed phase 

c. incorrect voltage or frequency 
d . an open phase 

8. In a polyphase star-cor^nected inulur using a test lamp, how woula you determine 
which phase is open? 

a. disconnect the phases and test each phase separately 

b. place one test lead at star point and the other on each other phase heads 

c. connect one test lead to star point and other to both sections of phase 

d. disconnect at the star point and test each phase separately 

9. In a polyphase delta-ccnnected motor using a test lamp, how would you 
determine which phase is open? 

a. disconnect the phases and test each phase separately 

b. disconnect at delta point and test each phase separately 

c. place one lead at delta point and the other on each phase lead 

d. you can not test delta connected motors for opens 

10. In what • cui internal g.o .'^or used to test a polyphase motor, parallel- 

Co. Elected for shorts? 

a. by noUng the vibrations of a hacksaw blade 

b. parallels disconriected , note vibrations of hacksaw blade 

c. hold the growier in position, defective coils will become not 

d. parallels disconnected growler in position-bad coils become hot 
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TROUBLESHOOTING POLYPHASE MOTORS 



1 . D 

2. D 

3. B 

4. C 

5. B 

6. B 

7. D 

8. B 

9. A 
10. D 
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PERFORiVlANCE ACTIVITY: 



Repairing Polyphase Motors 



OBJECTIVE : 

Repair, service and reassemble a three-phase induction motor following 
the steps for repair, service and reassembly ns given in the attached 
checklist; and correctly complete requisition, if required . 



EVALU ATIO N PROCEDURE: 

The motor must operat'i:! properly. The student in to follow a checklitst 
on repair, service and roarssomhly of the mot:or . The retju is i t ion mufit 
accurately completed. Also .stjoro at loairit BO'^ on writ.ttMi l<}.sl:. 



RESOURCES : 

Illustration of polyphase motor. 

Checklist on repair r service and reassembly of the motor - 

Test equipment, tools. 

Three-phase motor . 

Service manuals for the motor- 

Electric Motor Repair , by Robert Rosenberg, pp. 138-145. 

requisition form 
30-w oil 

lubricating gr. '.^>e 



PROCEDURE: 

Stops 

1. Follow the chcckliivt for repair, service and reassembly polyphase 
motors . 

NOTE: Refer to the exploded view of a three-phase motor. 

2. *'.;ompietu the multiple-choice test items for this LAP. 



PrincipsI Author (s): T. ziller 
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SERVICE AND REPAIR CHECKLIST: POLYPHASE MOTORS 

1. Order a centrifugal switch for the motor using attached requisition form. 

2. Lubricate bearings (30-w oiT for sleeve bearings, general purpose lubricating 
grease for ball bearings). 

3. Insure that rotating mechanism of the centrifugal switch on the rotor is not 
bindi ng . 

4. Check contact points on the stationary mechanism of the centrifugal switch 
for cleanliness. 

5. Insure that all leads to stationary centrifugal switch are tight. 

Bearing Replacement Checklist for Polyphase Moto r: 

1. Using proper tools, remove bad bearings. 

2. Replace using proper tools. Ream to fit as necessary. 

3. Relubricate new bearings. 

Centrifugal Switch Replacement for Polyphase Motor : 

1. Label all leads and remove from centrifugal switch. 

2. Remove centrifugal switch. 

3. Install new switch, reconnect all leads. 
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LAP TEST: REPAIRING POLYPHASE MOTORS 
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1 If ther-e are 36 coils in a three phase motor, how many coiis per phase are there? 



a. 3 

b. 12 

c. 36 

d. n 

2. This schen^atic symbol is for what type of thir 1:0- phase connection? 



a . 
b. 
c . 
d. 



wye 
star 
pigtail 
delta 




3. If you have only a rectangular form for a three-phase motor coil, how can you 
n^ake it into a diamond? 

a. by pulling at the center of opposite sides 

b . can't be done 

c. only by using a diamond-shaped hoad 

d. can only make a diamond if using a rounded form 

4. How are wye-connected coiis of a three-phase motor connected? 

a. II ^uls of e;!ch coil i:.c^ ^her, the beginning of each to a phase 
beginning of each coH connected together 

c. the ends of each phase connected together 

d. the beginning of each phase connected together 

5. What type of tape is preferred on a coil in a three phase movur? 



a. black electrical tape 

b. varnished cambric or fiberglass tape 

c . rubber tape 
d . cotton tape 
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"1 .06.04 (contir^ued) 



What type of tape is ofter^ used to tape the coils of a three-phase motor? 

a . cotton 

b. electrical 

c. paper 

d. rubber 

With a semiclosed stator of a three-phase motor, what is the best procedure 
for inserting the coil into the slots? 

a . straight method 

b. fan method 

c . group method 

d . tube method 

How are coils pkiccd in the slots of a semiclosed stator of a polyphase motor? 

a. by taping edge of the slots 

b. by inserting the complete coil at one time 

c. can't be done 

d. the turns of the coils are inserted one by one 

Insulation placed between each group of coils in a three-phase motor is called: 

a. varnished insulation 

b. glass insulation 

c. cambric insulation 
d- phase insulation 

Why can't the c: Is be taped on a semiclosed stator of a three-phase motor? 

because to do so would damage the stator beyond repair 

b. it can be done but too much tirr.e is involved 

c. this type motor is not made to be rewound 

d. the opening will only allow one wire at a time 
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REPAIR iMG POLYPHASE MOTORS 

1 . B 

2. D 

3. A 

4. C 

5. B 

6. A 

7. B 

8. D 

9. D 
10. D 
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1 . The rotor of a three-phase motor is of what type? 

a. wound 

b. squirrel-cage 

c. concentric 

d. slip-ring 

2. Polyphase motors are: 

a. universal motors 

b. A-C/D-C motors 

c. A-C motors 
d . D-C motors 

3. The end plates of a three-phase motor are mounted to the side of the stator 

v/ith: 

a. pins 

b. bolts 

c. screws 

d. rivets 

i\. In a three-pha^-r^ motor, eacin phase is: 

a. c ' .. :'^a to the oinei ../^'^ses 

b. related to the other pnases 

c. dependent on the other phaseis 

d. independent of the other phases 

'5. The operation of practicaity all polyphase motors depends a: 

a. stationary solenoid 

b revolving magnetic field 

L. slalionar-y magnetic f'.eici 

d . revolving solenoid 
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6. What is the difference internaily in two types of polyphase motors? 

a. both the coils and internal connections are changed 

b. the coils are wound differently but the connections are the same 

c. the coils are the same but the internal connections are different 

d. the coils and internal connections are the same 

7. What is the purpose of the end beiis of a polyphase motor? 

a. to house the bearings and to hold the rotor in center 

b. to enable the shaft to turn 

c. to house the winding 

d. to house the slip-ring 

8. Three-phase motors have one fairly constant characteristic which is. 

a. size 

b. torque 

c. speed 

d. all have ball bearings 

9. What doesn't a three-phase motor have that a split-phase motor has? 

a. centrifugal switch 

b. bearings 

c. end bells 

d. rotor 

10. Where is the squirrel-cage winding found in a polyphase motor? 

a . ^ • ^I'^iur 

h. inside the front end i^lale 

c. inside the rear end plate 

d . inside the rotor 

7 8.01 .06.03 

11. In a polyphase delta-connected motor, using a test lamp, how would you locate 

a grounded phase? 

a. place one test lead at delta point and the other test lead to power leads 

b. place one tost lead to the motor frame and one test lead to one of power leads 

c. disconnect phases at leads and test each phase separately 

d. disconnect at doKci point and test each phase separately 
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78.01 .06.03 (continued) 

12. A balance test on a polyphase motor would indicate: 

a. shorts 

b. open circuit 

c. reversed coils 

d. grounded coils 

13. If a polyphase motor fails to start, the trouble may be: 

a. reversed coils or group 

b. an open phase 

c. a reversed phase 

d. an incorrect voltage or frequency 

14. If the polyphase motor runs slowly, the trouble may be: 
a . an open phase 

b. the motor is running on single phase 

c. a wrong connection 

d. a defective controller 

15. In a polyphase motor, if there is a reversed phase, the motor will: 

a. fail to start 

b. run properly 

c. not run properly 

d. become excessively hot 

78.01 .06.04 

16. There nistake that ij ^'ten made when inserting the coil in to the slot 
. f a polyphase motor and that is: 

a. the turns often slip between the insulation and core 

b. it won't fit in the stator 

c . it slips in the rotor 

d. it slips in tho insulation 

17. In 0 three-phase motor with a 1 to 6 pitch, how many coils must be put in before 
tht^ wi-.ole coil Ccin be put in to the slot? - 

a. 6 

b. 3 

c. 4 

d. 1 
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78.01 .06. on {continued] 

18. On polyphase motors if a wire gets between the insulation and the core, the coll 
will: 

a. short out 

b. start a fire 

c. will not run 

d . ground out 

19. What is the symbol for a delta connection on a polyphase motor? 



a. A 

b. 
c. 

d. V 

20. How many groups of coils on a polyphase motor are there in each pole from one 
phase? 

a. 9 

b. 36 

c. 1 

d. 3 



ERIC 



3J3 



Occupational Area: 
File Code: 



Name : 



UNIT TEST ANSWER SHEET 

UNIT POST TEST: 
POLYPHASE MOTORS 



78.01 .06.00.82-2 



ANSWERS 

78.01.06.01 ^- B 21. 41. 

2. c 22. 42. 

3. B 23. 43. 

4. D 24. 44. 

5. B 25. 45. 

78.01 .06.02 6. C 26. 46. 

7. A 27. 47. 

8. C 28. 48. 

9. A 29. 49. 

10. D :jO. 50. 

78.01.06.03 11. C 31. 51. 

12. A 32. 52. 

13. B 33. 53. 

14. C 34. 54. 

15. C 35. 55. 

78.01 .06.0416. A 36, 56. 

17. A__ 37. 57. 

iH. r.11. 

Ml. ^. M). r.n. 

•:0. ^ 40. fiO. 



EbIc 3;; 4 



Filfl Coda: 78 .01 .06 . 00 .Al -5 
Date PublithBd: 11/15/74 

Sex: M F (Circle 1) 



MOTORS 
OBJECTIVE 1 : 

Given a malfunctioning 3 phase motor, the student will service and repair the 
motor so that it functions according to the manufacturer's specifications, 
following safe practices and procedures. 

OBJECTIVE 2 : 

Using appropriate tools and test equipment the student will take shorts and 
open tests, 

OBJECTIVE 3 : 

Using appropriate equipment, the student will rewind a faulty 3 phase motor. 
OBJECTIVE 4 : 

Using appropriate tools and test equipment, the student will calculate and 
record amperage, voltage, resistance and wattage of the motors field windings. 

TASK: 

The student will service and repair a 3 phase motor and, in the process, he will 
make shorts and open grounding tests, using appropriate test equipment. 

ASSIGNMENT: 
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CONDITIONS ; 

The student will be given a malfunctioning 3 phase motor (it may be bugged 
by the instructor or it may be one brought in by a customer). He will be 
required to service and repair the motor in conditions similar to those in a 
typical motor repair shop. He will be allowed to use any and all tools, 
equipment, service manuals, text books, etc., commonly found in a repair shop. 
He must complete it in a reasonable length of time with no assistance from the 
instructor(s) or students. 



RESOURCES : 
Tools: 

Internal-external snap ring pliers 

7-Piece nut driver set 

Tool box 18 X 8 X 9 

Circular gauge 

Hacksaws 

Pulley pu-ller 

Arc joint pliers 

Lineman's pliers 

Diagonal cutting pliers 

Long chain-nose pliers 

Locking plier wrench 

Coil tamping pliers 

4-piece standard set screwdrivers 

Center punch 

Cold chisel 

Ball peen hammer 

Lug crimpers 

Wire skinner and straightener 

Equipment: 

Coil stripping chisel 
Armature winder 
Coil winder 
External grown^r 
Insulation former 
Coil shapers 
3-Phase motor 
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PERFORMANCE CHECKLIST: 



OVERALL PERFORMANCE: Satisfactory Unsatisfactory 



CRITERION 
Met Not Met 



Oblectivp 1: 






K Follows safe practices and procedures. 






Criterion: No injury results to the student or the 






equipment and complies with OSHA requirements 






2. Follows proper procedures for disassembly. 






Criterion: No damage results to the motor. 






3. Diagnosis and troubleshoots malfunctinns properlv. 






Criterion: WK^^n reoaired, the motor functions according 






to the manufacturer's specifications. 






i 

4. Reassembles the motor properly* 






Criterion: Appliance functions according to the Bfianufact 


jrer 's 




specifications and the procedures followed ag 


"ee 




with those described in the service literatur 


J. 




5. The repaired motor is repaired in a neat, 






professional manner. 
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CRITERION 
Met Not Met 



Criterion: No damage results to the motor such as opens 






and shorts. 






6. All connections and fastenings are properly completed. 






Criterion: The motor connection complies with the manufact 


urer's 




specifications. The connections are mechanical 


ly 




fastened and structurally sound. The connectio 


n 




is electrically fastened and free of defects. 






7. Motor functions accordina to the manufactijrpr*<; 






specifications. 






Criterion: Manufacturer's specifications. 






8. Uses aoDrooriate reoair oav^t and supplies. 







1 Criterion: They match exactly those listed in the 






manufacturer's specifications . 






Objective 2: 






9. Test for grounded commentator, using test lamp. 




10. Test for shorted communtator, using test lamp. 






11. Test for arounds. using growler or milUvnH mpfpr 






1 12. Test for shorts in the rield coils, using a growler. 






13. Test for shorts in the armature coil, using a growler. 






14- Test for an open field coil, using an ohmmeter. 







Page ^ 



Checklist continued) 



78.01 .06.00.A1-5 



CRITERION 
Met Not Met 



15. Test for an ooen armature coil, using an ohmmeter. 






16. Test for reversed coils, using a compass or bar 






magnet test. 






Criterion: Troubleshooting techniques reveal the 






malfunction, as identified bv iob sheet. 






Objective 3: 






17. Uses coi 1 -stripping tool to remove coils. 






18. Uses armature winder, if appropriate, when winding 






the armature. 






19. Uses coil winder, if appropriate, when winding field 






coil- 






^ 20. Uses insulation former, if appropriate, when 






insulating. 






21. Uses coil shaper, if appropriate, on the field coils. 






Criterion: Proper equipment application results in a 






dcr'f'sct-free operative motor. 






Objective 4: 







22. Uses test equipment properly. 






I 23. Wattage readings are accurate. 






1 

?4. Vnltage reaHinn^; arp ;=irrijr;itP 







ERIC 



3^9 



Page 6 78.01 .06.00. Al-5 

(Checklist continued) 

CRITERION 
Met Not Met 



25. Amperase readings are accurate. 






26. Resistance readings are accurate. 






Cri teri on : Manufacturer ' s speci f i cations . 






27. When applicable, mathematical calculations are correct. 






Criterion: AC/DC Circuit Manuals, Westinghouse 






28. The motor is repaired in a reasonable time. 






CritPrif^n! Not to pvcppH ft hniir*;. 












The student must successfully complete 25 out of 28 line items 






to achieve an overall score of satisfactory. 
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UNIT: 



DIRIvCT CURRENT MOTORS At4D GENERATORS 



RATIONALE : 

Small Direct Current Motors are used in Portable battery operated 
appliances, tape recorders, and motors with AC/DC adaptors. Most EX: 
generators can be changed to a DC motor and vice versa, 

PREREQUISITES : 
None 



O BJECTIVE : 

Given text and illustrations, tool.s, equipment, and materials; identify, 
disassemble, identify connection methods, troubieshoot and repair DC 
motors and DC generators. 

RESOURCES : 

GENERAL INSTRUCTIONS : 

This unit consists of 8 Learning Activity Packages (LAPs) . Each LAP 
v^ill provide specific information for completion of a learning activity. 

The general procedure for this unit i^i as follows: 

(1) Re^Ki ,Uc first assigned Loarning Activity Packacjt^ (IjM^). 
.)in uu^ (.'om]>nM.. t!u* first as^;i(]n(Kl IJVP . 

(3) Tako ami .^t:urc^ the LAI t c^sl . 

(4) Turn in \ \\r lAP test aiKsw(}r sheet, 

(5) Determino Mie r;(iason for any missed i L^mus on the TiAP test, 

(6) Px-oceed to and complete the next assigned r^P in the unit, 

(7) Complete all required f^Ps for the unit by following steps 



3 througli 6 . 

(B) Take the unic tests as Joscribed in the Unit LEG "Evaluation 

Procedures" . 
(9; Proceed to the next assigned unit. 



Principal Aiithor(s); T. Zi 11 .^r 
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Printed Materials 



1. Electric Motor Repair , 2nd Ed., Robert Rosenberg, Kolt, Rinehart, 
and Winston, 1970. 

2. A set of manufacturer's motor specifications and data sheets. 

3 . Introduction to Power Tecimology Principles of Electric Motors , 
2nd Ed., Vega Enterprises Inc., Decacor, Illinois, 1973. 



Checklist: 

Checklist for Disassembly: D-C Motors (attached) 
Checklist for Troubleshooting: D-C Motors (attached) 
Operational checklist for Generators 
Checklist for Disassembly: Generditors 
Checklist for Troubleshooting: Generators 
Checklist for Repair: Generators 



Illustration: 

D-C Motor (attached) 



D-C generators (functional) 

D-C motor 

pin punch 

growler 

ol-immeter 

compass 

voltmeter 

an.probe or ammeter 
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PERFORMANCE ACTIVITIES : 

.01 Operation of the Direct-Current Motor. 

-02 Direct-Current Motor Construction. 

-03 Troubleshooting Direct-Current Motors. 

.04 Repairing Direc t-Currect Motors, 

-05 Operation of the Generator - 

.06 Generator Construction - 

-07 Troubleshootix^g Generators. 

.08 Repairing Generators . 

EVALUATION PROCEDURE : 
When pretesting: 

1. The student takes the unit multiple-choice pretest. 
Successful completion is ^ out of 5 items for each LAP part 
of the pretest. 

2. The student then ;.akes a unit performance test if the unit 
pretest was successfully completed. 

Satisfactory completion of the performance test is meeting the 
criteria listed on the performance test. 

When post testing: 

The student takes a mul tiple-clioice unit poi^t test and a unit 
performance tost. 

Successful unit completion is meeting the listed criteria for 
the perf ormanct^ test. 

FOLLOW -THROUGH : 

You may begin with the first LAP- Your instructor will be available 
to help you if needed- 
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UNIT PRETEST: 
GENERATORS 



DIRECT-CURRENT MOTORS AND 
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1 . In a D-C Motor, the field poles hold the: 



a . run winding 

b. armature 

c. run and start windings 

d . field coils 



2, On all D-C motors, urrent must be conducted to the armature wir/ ing 
through the: 



a. brushes 

b . brush holders 

c. bearing 

d . end bells 



3. in a D-C motor, the brushes are held stationary by the: 



a . end plates 

b. brush holders 

c. brush rigging 

d. commutator 

4. What bears the weight of a D-C motors' armature and keeps it equidistant 
fron the pole ^Aecesl 



? . the bail bearing 

b. the end plates 

c . the end plates 

d. the sleeve bearing 

5. What is the physicai difference between a D-C motor and a D-C generator? 



a. none 

b . different fields 

c. weight 

d. different armatures 



EKLC 



314 



Page 2 78.01 .07.00.A2-2 

78.01 .07.02 

6. Which of the followifiQ characteristics is the D-C series motor known for? 

a. high maintenance cost 

b. low cost 

c. high starting torque 

d. coniiriuous ciut/ 

7. In a D-C series motor, how are the field coils connected to the armature? 

a . no connection 

b. shunt 

c. series 

d. parallel 

8. Which D-C motor has high starting torque and constant speed? 

a. shunt motor 

b. series motor 

c. compound motor 

d. universal motor 

9. A D-C series motor contains: 

a. solenoid 

b. rotors 

c. field coils 

d. stators 

10. Which of the following D-C motors has a variable-speed characteristic? 

a. cnmnoi:rid 

b. alternator 

c. series 

d. shunt 

78.0 1 .07.03 

Nearly all shunt and compound D-C motors of one-half horsepower or more 
have commutating poles known as: 

a. interpoles 

b. series-poles 

c. anter poles 

d . shunt-poles 
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12. In a long-shunt cumulative motor, the current flows through the series field 
and shunt-field coils of a pole in the: 

a . shunt direction 

b. opposite direction 

c . series direction 

d . same direction 

13. If a shunt field is connected to armature so current flows through in opposite 
direction to series current, the D-C compound motor is known as: 

a. short-shunt differential motor 

b. long-shunt cumulative motor 

c. short-shunt cumulative motor 

d. long-shunt differential motor 

14. In a two-pole D~C series motor the fields are connected in: 

a . tandem 

b. unison 

c. parallel 

d. series 

15. When the shunt field of a D-C compound motor is connected to the armature 
terminals instead of across the line, the motor is known as a: 

a. short-shunt motor 

b. long-shunt motor 

c. short-series motor 

d. long-series if^^tor 

78.01 .^7.04 

16. When a D-C motor is equipped with 4 poles, how many brushes does it have? 



17. If a ground hos been disc:overod in the shunt fiold of a D-C motor, the repairman 
sliould: 

a . cfieck for the correct position of the brush holder 

b. remove the armature 

c. remove the field from the frame and rewind the coils 

d. remove the field from the frame and reinsulate 



a 



c 



4 
8 
6 
2 
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18. If a ground has been discovered in the series fields of a D-C motor, the repairman 
should: 

a. remove the fields from the frame and rewind the coils 

b. remove the armature 

c. check for the correct position of the brush holders 

d. remove the fields from the frame and reinsulate 

19. Which of the following can one use to check for correct interpole polarity without 
using a compass or removing the armature? 

a. if armature and brushes rotate in opposite direction—polarity ok 

b. armature-counterclockwise, brushes/center— interpole polarity ok 

c. armature-clockwise, brushes-center; interpole polarity ok 

d. if armature and brushes rotate in same direction--polarity is ok 



20. The circuits which make up a shunt motor are: 

a. the armature, shunt field, and brushes 

b. shunt field, series field, and brushes 

c. series field and armature 

d. the shunt field and the armature 



78.01 .07.05 



21 . When a conductor is moved across the lines of force in a magnetic field, a 
voltage will be induced in the: 



a . conductor 

b. flux 

c . mc^:2,->i' field 

J . force 



22. What is the characteristic of a shunt generator? 

a. a large drop in voltage occurs as the load is decreased 

b. a slight drop in voltage occurs as the load is decreased 

c. a large drop in voltage occurs as the load is increased 

d. a slight drop in voltage occurs as the load is increased 

23. If there is no load on a series generator, what will the voltage be? 
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b. 
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d 



220 V 
110 V 
0 V 
4^0 V 
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24. A wire moved to cut lines of magnetic force will produce: 

a. mechanical energy 

b. electromotive force 

c. heat energy 

d . static pressure 

25. A moving coil in a generator is called: 

a. a starting winding 

b. a field winding 

c. a magnetic force 

d . an armature 

78.01 .07.06 

26. D-C generators are rated in tern - of: 

a. horsepower 

b. volts 

c. kilowatts 

d. amps 

27. To discover the current output of a generator, the ammeter should be connected 
in: 

a. series with the generator 

b. series with the load 

c. parallel with the load 

d. parallel w;t^ the generator 

28. :f turns on series field are increased over the number necessary to give same 
voltage output at all load levels, the generator is said to be: 

a . undercompounded 

b. a shunt generator 

c . flat-compounded 

d . overcom pounded 

29. Direct current from n battery is used to: 

ti . onercji/.o tho coinniutator 

b . run tho goncMMlor 

c. keep the current flowing in the same direction 

d. excite the field coil of a generator 
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30 Generator voltage can be varied by using a resistor across the series field 
to vary the current through it. This is called a: 

a. inverter 

b. exciter 

c. commutator 

d. shunt 

78.01 .07.07 

31 . Solder in the inside of a D-C generator is caused by: 

a . worn bearings 

b. open field coils 

c. armature over-heat 

d . flat-compounded 

32. If a generator has too much resistance in the field circuit, the generator will: 

a. not generate 

b. rotate 

c. operate only slightly 

d. operate normally 

33. If a generator has too much resistance in its field circuit, the trouble may be: 

a. shorted field coils 

b. loose connections 

c. bad bearings 

d. grounded f'eld coils 

3£|. If a generator does not generate power, the trouble may be: 

a. a loss of residual magnetism 

b. an overload 

c. a differential connection 

d. too slow a speed 

35. What would be the probable cause of a smoking D-C generator? 

a. the wrong field connector 

b. a completely shorted armature 

c. a loss of residual magnetism 
d . a bad bearing 
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36. If new brushes have been installed in a D-C generator, but they spark badly, 
the trouble may be: 

a. worn bearing 

b. the high and low bars on the commutator 

c. too much end play 

d. loose pole pieces 

37. What could prevent sufficient current from flowing in the field coils of a 
generator? 

a. loss of residual magnetism 

b. wrong field connection 

c. faulty field rheostat 

d . wrong rotation 

38. Why is it important to replace a D-C generators' brushes with replacements of 
the same type and size? 

a. severe sparking may result if brushes are different 

b. the generator will not operate at ail 

c. the bearing will freeze up 

d. it is not necessary, any size and type can be used 

39. If the voltage drops considerably as the load is placed on a generator, the trouble 
may be: 

a. loss of residual magnetism 

b. shorted armature 

c. too slow ?* speed 

d . vvroncj : c':ation 

i\Q, Which of the following should be used to determine the output in voltage 
that a generator puts out after it is repaired? 

a . berometer 

b. watt meter 

c . micrometer 

d . VOM 
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PERFORMA^SCEACTiVITY: Operation of the Direct Current Motor 
OBJECTIVE ; 

Describe the operation of D-C Motors - 

Identify operational characteristics of D-C motors. 



EVALUATION PROCEDURE : 

Successful complete at least 80% of the items on a multiple-choice test 
about this LAP. 



RESOURCES : 

Electric Motor Repair , Robert Rosenberg, pages 203-204. 

Introduction to Power Technology Principles of Electric Motors , Vega, 

pages 36-39- 



PROCEDURE : 

Stops 

1. Carefully read pages 203-204 in Electric Motor Repair . 

2. Stndy thp illustration 7-1 - 7-14A. 

3. Prevxew experiment #5 Univ3rsal Motors in Introduction to Pow er 
Technology , pages 36-39- 

4. Write a description of the D-C motor operation using simple 
schematic diagrams. 

5- Take the LAP test. 
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LAP TEST: OPERATION OF THE DIRECT -CURRENT MOTOR 



1 . Which of the following characteristics is the D-C series motor known for? 



a . continuous duty 

b. high maintenance cost 

c. high starting torque 

d . low cost 

2. Which of the following D-C motors has a variable-speed chariicteristic? 

a. compound motor 

b. alternator motor 

c. shunt motor 

d. series motor 

3. A series-shunt field and armature connection is characteristic of what type of 
motor? 

a. series motor 

b. compound motor 

c. shunt motor 

d. universal motor 

In a D'C series motor, how are the field coils connected to the armature? 

a. no connection 

b. se*-'::. 
^. parallel 
d. shunt 



5. 



Which of the following components in a D-C shunt motor prevopts a rise in speed? 



a . carbon brushes 

b. heavy shunt field 

c. light series field 

d. centrifugal switch 
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78.01 .07,01 (continijed) 

6. Which of the foiiowing is characteristic of a D-C shunt motor? 

a. constant speed 

b. low speed 

c. variable speed 
d- high speed 

7. Which D-C motor has high starting torque and constant speed? 

a . shunt motor 

b . series motor 

c. universal motor 

d . com pou nd moto r 

8. Which of the following characteristics does a D-C series motor have? 

a. lighter load, lower speed 

b. low starting torque 

c. heavier load, higher speed 

d. variable speed 

9. A stabilized shunt motor contains which of the following? 

a. a light series field 

b. variable field 

c. a heavy series field 
d- a rotor 

10. A D-C series mo^or contains; 

stators 

b. solenoid 

c. rotors 

d . field coils 
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PERFORMANCE ACTIVITY: Direct Current Motor Construction 



OBJECTIVE : 

Given the necessary tools, equipment, and supplies, correctly identify 
the main parts and disassemble a D-C motor according to: (1) manufac- 
turer's specifications (2) following procedures and practices accepted 
in the industry, and (3) those procedures outlined in the reference 
text. 



EVALUATION PROCEDURE : 

Motor must be correctly disassembled? parts indentif icatioti must be 100% 
correctly labeled. Successfully complete at least 80% of the items on a 
multiple-choice test about this LAP. 

pin punch 
DC motor 



RESOURCES : 
D~C motor. 

Electric Motor Repair , Robert Rosenberg, pages 202-203. 
Checklist for Disassembly: D-C motors (attached) . 
Illustration: DC motor (attached) . 



PROCEDURE: 

1. Review text reference, pages 202-203. 

2. Have the instructor assign a work station where you will identify 
the main parts and complete the list of the main parts - 

3. Follow the checklist for disassembly (attached). 

4. complete the multiple-choice test items for this LAP. 




Principal Author($): T. Ziller 
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CHECKLIST FOR DISASSEMBLY: D-C MOTORS 



1 . Mark end-bells and frame with pin-punch (re-assembly 
identification) . 

2. Remove retaining bolts (2). 

3. Remove end-bells. 

4. Lift brushes out of their holders. 

5. Remove armature. 

6. Unscrew pigtail connections and remove brushes. 

7. Refer to attached exploded view. 
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LAP TEST: DIRECT-CURRENT MOTOR CONSTRUCTION 



78.01 .07.02 

1 . What is the physical difference between a D-C motor and a D-C generator? 

a . different armatures 

b. weight 

c. none 

d. different fields 

2. What type of slots are all armatures in a D-C construction motors equipped with? 

a . skewed only 

b. laminated 

c. straight only 

d. skewed or straight 

3. What bears the weight of a D-C motors' armature and keeps it equidistant from 
the pole pieces? 

a . bai I bearing 

b. end plates 

c. sleeve bearing 

d. end plates 

4. In a D"C motor, the commutator is supplied with current: 

a. by allowing the brushes to ride on commutator up to certain speed 

b. by ?*'':)wip.g the brushes 1? ride on the commutator while it's turning 

c. from the appropriate power source 

d. through the field coils 

5. On a D-C motor, the end plates are secured to the frame with: 

a. screws 

b. clamps 

c. wire 

d. bolts 
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78. OT .07.02 (continued) 

6. In a D-C motor, the brushes are held stationary by the: 

a. brush holders 

b. brush rigging 

c. commutator 

d . end plates 

7. On all D-C motors, current must be conducted to the armature winding through the: 

a. bearing 

b. end bells 

c . brush holders 

d. brushes 

8 . What is normally mounted inside the frame of a D-C motor? 

a . brush holder 

b. field poles 

c. end plates 

d. armature 

9. On which part of a D-C motors' armature do the brushes ride? 

a. field coil 

b. armature coils 

c . brush holder 

d. commutator 

10. On which portion of a D-C motor is the brush rigging usually mounted? 

a, trc"' Cud plate 

!; . back end plate 

c. armature shaft 

d. frame 
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DIRECT -CURRENT MOTOR CONSTRUCTION 

1 . C 

2. D 

3. B 

4. B 

5. D 

6. A 

7. D 

8. B 

9. D 
10. A 
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PERFORMANCE ACTIVITY: Troubleshooting Direct Current Motors 



OBJECTIVE : 



Given the necessary tools, equipment, and supplies, correctly trouble- 
shoot DC motors according to: (1) manufacturer's specifications; (2) 
following procedures and practices accepted in the industry; and (3) 
those outlined in the reference text. 



EVALUATION PROCEDURE ; 

Correct troubleshooting of a motor as determined by criteria on attached 
checklist. Successfully complete at least 80% of the items on a multiple- 
choice test about this LAP. 



RESOURCES : 

Electric Motor Repair , Robert Rosenberg, pages 210-226. 
Checklist for troubleshooting: D-C Motor (attached) . 
D-C Motor. 



PROCEDURE : 

Steps 

1. Rt;Vi*-^w *Jiir^ reference t'siy^ . 

2. Go to the instructor and havc^ him assicjn a work station and » 
D-C motor which you will l.ri>uL) I cshool . 

3. Following thv ch(^cklist doscribod in th(? Loxt , tiroubloshoot; a 
D-C motor. 

NOTE: Follow safe practices and procedures at all times. Electricity 
is potentially dangerous. 

4. Use the checklist as a general guide. 

5. Take and score the LAP test. 



Principal Author (i): T. zilU>i 
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CHECKLIST FOR TROUBLESHOOTING: D.C, MOTORS 

1 , Make a thorough visual inspection. 

2. Take a short test (Growler) . 

3. Take an open test (Ohmmeter) (Record value) . 

4. Connect fields to a low D.C. voltage. 

5. Using a compass, check polarity. 

6. Take a D.C. voltage reading (Voltmeter) (Record value) , 

7. Take a current reading (Amprobe or Ammeter) (Record value) . 

8. Disconnect power. 

9. Compare values with manufacturer's specifications or name plate. 
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LAP TEST: TROUBLESHOOTING DIRECT-CURRENT fViOTORS 



78.01 .07.03 



1 . In a two-pole D-C shunt motor the shunt fields are connected in: 



a. series 

b. tandem 

c. unison 

d. parallel 

In a D-C compound motor, if the current flows through the series-field and shunt- 
field coils of a pole in the same direction, and the shunt field is connected across 
the line, is known as a: 

a . long-shunt cumulative motor 

b. short-shunt cumulative motor 

c. long-shunt differential motor 

d. short-shunt differential motor 

If the shunt field is connected to armature so current flows through in opposite 
direction to series current, the D-C compound motor is known as a: 

a. short-shunt differential motor 

b. long-shunt differential motor 

c. long-shunt cumulative motor 

d. short-shunt cumulative motor 

In a lor^j ^nunt cumulative n.otor, the current flows through the series field 
and shunt-field coils of a pole in the: 



a . shunt direction 

b. opposite direction 

c. series direction 

d . same direction 

5. To reverse the rotation of a D-C two-pole compound- interpole motor, reverse 
wires: 

Rl ^..^N 

a. R1 and R2 ] 

b. T1 and T2 

c. A1 and A2 

d. LI and L2 



|n(n|H»t«r 
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78.01 .07.03 (continued) 

6. On a four-pole, compound-interpole motor, if the leads on the brushholder 
are reversed, it will cause: 

a . the motor to stop 

b. the motor to operate correctly 

c. the interpoles to overload 

d. the brushes to spark 

7. Nearly all shunt and compound D-C motors of one-half horsepower or more have 
commutating poles known as; 

a. shunt-poles 

b. interpoles 

c. anterpoles 

d. series-poles 

8. In a D-C compound motor, the shunt fields are connected in: 

a. unison 

b. tandem 

c. series 

d. parallel 

9. If the shunt field is connected across the armature so that the current flows 
through it in same direction as the series field, the D-C motor is known as a: 

a. long-shunt cumulative motor 

b. short-shunt differential motor 

c. long-shunt c'ifferential motor 

d. sn^-"'- i-liunt cumulative n.otor 

10. When the shunt field of a D-C compound motor is connected to the armature 
terminals instead of across the line, the motor is known as a: 

a. short-series motor 

b. long-shunt motor 

c. long-series motor 

d. short-shunt motor 



EKLC 



LAP TEST ANSWER KEY: 78.01 .07.03.A2-2 
TROUBLESHOOTING DIRECT-CURRENT MOTORS 



Q ^ 



File Code: 



78.01.07.04.A2-0 




Learning Activity Package 



Student: 



Date Published: 



2-23-76 



Data: 



PERFORMANCE ACTIVITY: Repairing Direct Current Motors 



OBJECTIVE : 

Given the necessary tools, equipment, and supplies, correctly repair 
D-C motors according to: (1) manufacturer's specifications; (2) following 
procedures and practices accepted in the industry; and (3) those outlined 
in the reference text. 



EVALUATION PROCEDURE : 

Correctly reapir a motor as determined by criteria on attached checkli^st. 
Successfully complete at least 80% on the items on a multiple-choice 
test about this LAP. 

RESOURCES : 

Electric Motor Repair , Robert Rosenberg, pages 210-226. 

Checklist for Repair: D-C Motors. 
D-C Motor. 

light machine oil 
varnish 



PROCEDURE: 



1. Review the reference text. 

2. Go to the instructor and have him assign a work station and a 
D-C motor which you will repair. 

3. Following the procedure described in the text, repair a D-C motor. 
NOTE: Follow safe practices and procedures at all times. Electricity 

^ is potentially dangerous. 

4. Use the attached checklist as a cjeneral cjuide. 

5. Complete the multiple-choice Lost itemt; for t l\is LAP. 
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CHECKLIST FOR REPAIR: D-C ^»OTOR 



Service 

1 . Lubricate bearings, (light machine oil) 

2. Insure that motor is not filled with lint or dirt. 

3. Check for free rotation of shaft. 

Repair 

1. Using proper tools, remove bad bearings. 

2 . Rep iac€ bea ri ng . 

3. Lubricate new bearing. 

Rewinding 

1 . Strip the stator. 

2. Check for correct size of magnetic wire. 

3. Fit paper insulation in stator. (see instructor when completed) 

4. Rewind motor using the form winding method. 

5. Splice and connect leads, (see instructor when completed) 

6. Test new winding with proper test equipment. 

7. Dip stator in varnish. 

8. Reassemble the motor. 

9. Connect motor to power source. 

Reassembly 

1 . Gently set rotor inside stator. 

2 . Align end bells. 

3. Insert bolts and tighten. 

4. Connect motor to power source. 

5. Refer to exploded view. 
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LAP TEST: REPAIRIN' 



!RECT -CURRENT MOTORS 



78,01 .07.04 

1 . If a D-C motor fails to run when the switch is turned on, the trouble may be: 

a. the wrong voltage applied 

b. an open armature circuit 

c. a dirty comniutator 

d. off-set brushes 

2. If a ground has been discovered in the shunt field of a D-C motor, the rof^airman 
should: 

a, check for the correct position of the brush holder 

b. remove thie field from the frame and rewind the coils 

c. remove the armature 

d, remove the field from the frame and reinsulate 

3. How many circuits are in a shunt motor? 



4. Why does the NECR require that all permanently installed D-C motors be grounded 
to a pipeline which is connected to the earth? 

a. it has nolhing to do with motor operation 

b. it adds cost to the overall installation 

c. it causes the motor to burn open 

f not properly grounded, the operator may be severely shocked 

5. The circuits which make up a shunt motor are: 

a. the shunt field and the armature 

b. series field and armature 

c. the armature, shunt field, and brushes 

d. shunt field, series field, and brushes 



a 



b 



c 



1 
3 



d 
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6. If a D-C motor runs slowly , the trouble might be: 

a . shorted coils 

b. wrong interpole polarity 

c. worn bearings 

d . grounded coils 

7. If a ground has been discovered in the series fields of a D-C motor, the repairman 
should: 

d . remove the armature 

b. check for the correct position of the brush holders 

c. remove the fields from the frame and reinsulate 

d. remove the fields from the frame and rewind the coils 

8. What must be done before a test lamp is used on a D-C motor to check for a ground 
in the field winding? 

h . remove the brushes 

b. remove the armature from the stator 

c. disconnect the field coils 

d. disconnect all external leads 

9. If a D-C motor sparks badly , the trouble may be: 

a. poor brush contact on the commutator 

b. tight bearings 

c. 3n overload 

d. shorted fieM coils 



10 



Which of the following can one use to check for correct interpole polarity 
without using a compass or removing the armature? 

if armature and brushes rotate in same direction-polarity ok 
b. if armature and brushes rotate in oppostie direction-poiarity ok 
armature-counterclockwise, brushes/center— interpole polarity ok 



a 



c 



d. armature-clockwise, brushes-center; interpole polarity ok 
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REPAIRING DIRECT-CURRENT MOTORS 



1. B 

2. D 

3. D 

^. D 

5. A 

6. C 

7. C 

8. D 

9. A 
10. A 
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OBJECTIVE : 

Describe the operation of D-C generators - 

Identify the operation^\l characteristics of a D-C generator. 



EVALUATION PROCEDURE : 

Successfully complete at least 80% of the items on a multiple-choice 
test about this LAP. 



RESOURCES : 

Electric Motor Repair , Robert Rosenberg, pages 273-279. 
D-C Generator (functional) . 

Introduction to Power Technology Principles of Electric Motors , Vega, 
pages 36-39 . , 



PROCEDURE : 

Steps 

1. Read pages 273-279 in Electric Motor Repair . 

2. Co to the a*?<^igned work station and observe the actual operation 
o£ a 0-C aanerator. 

3. Complete operational checklist and write a description on th- 
operation of a D-C generator. 

4. Review experiment #5 , Universal Motors in Introduction to Power 
Technology , pages 36-39. 

5. Take the LAP test. 



^ Principal AuthcrU): T- '/iMoi 
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OPERATIONAL CHECKLIST FOR GENERATORS 

Drive by mechanical means. Smaller generators are usually 
belt-driven. 

D-C generator armature and field poles are identical to D-C 
motor armature and field poles. 

In a D-C generator as the armature is rotated, the conductors 
(armature coils) cut through magnetic lines offeree (caused 
by applying voltage to the field poles) . As the armature coils 
continue to cut the lines of force, current flows in the armature 
coils. This process is known as electro-magnetic induction and 
always occurs under these conditions. 

The induced current in the armature coils is called alternating 
current (A-C) , because it flows back and forth through the coils 
as the armature rotates through the north and south magnetic 
poles of the field. 

Direct current (D-C) is obtained from the brushes riding on the 
commutator . 

The commutator is a series of metal wedges directly connected 
to the armature coils. The commutator rotates with the armature. 

The two brushes are positioned on the commutator in such a way 
that the current flows through them alternately (one at a time) 
and so flows in one direction only. (D-C) . The brushes are 
electrically connected only on every other commutator wedge. 



Stuctont: 
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LAP TEST: OPERATION OF THE GENERATOR 



1 . When is a generator said to be separately excited? 

a. when the field coils are connected to an outside source of electricity 

b. 110 V. 

c. when the commutator is connected to an outside source of electricity 

d. when the armature is connected to a battery 

2. How many types of self-excited generators arc there? 

a. 4 

b. 1 

c. 2 

d. 3 

3. When a conductor is moved across the lines of force in a magnetic field, a 
voltage will be induced in the: 

a. conductor. 

b. flux. 

c. magnetic field . 

d. force. 

4. What is the characteristic of a shunt generator? 

a. A large drop in voltage occurs as the load is decreased. 

b. A slight drup in voltage occurs as the load is decreased. 

c. A large drop ih voltage occurs as the load is increased. 

d. A slight drop in voltage occurs as the load is increased. 

5. If there is no load on a series generator, what will the voltage be? 

a. 220 V. 

b. no V. 
c . 0 V . 
d. 440 V. 

6. What are the three factors needed to generate electricity? 

electricity, mechanical power, and a conductor 
mechanical power, movement, and a gciOeriUor 
n^agnetic lines of force, a conductor, and inovtMiuMit 
ci motor, generjlor, and movement 
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7. A diverter in a compound generator varies the: 

a. voltage drop. 

b. current. 

c. resistance. 

d. capacitance. 

8. A machine converting mechanical energy into electrical energy is called a(n): 

a. starter. 

b. motor. 

c. generator. 

d. engine. 

9. A wire moved to cut lines of magnetic force will produce: 

a. heat energy. 

b. mechanical energy. 

c. electromotive force. 

d . static pressure. 

10. A moving coil in a generator is called a (n) : 

a. armature. 

b. field winding. 

c. magnetic force. 

d . starting winding . 
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LAP TEST ANSWER KEY: OPERATION OF THE GENERATOR 



1. A 

2. D 

3. A 
^. D 

5. C 

6. C 

7. B 

8. C 

9. C 
10. A 
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Dd'b: 

PERFORMANCE ACTIVITY: Generator Construction 

OBJECTIVE: 

Identify the ccmponent parts of generator. 
E VALUATION PROCEDURE : 

The student is to identify by labolinq the componcM^t [:)artii that: is 
consistent with the attached chcukliiJt. Alr,o .score at loasL HiVl on a 
multiple-choice test . 

RESOURCES : 

Electric Motor Repair / Robert Rosenberg, pages 273-279. 
Checklist for Disassembly: Generators, (attached) 



PROCEDURE : 

Steps 

1. Review reference text, pages 273-279. 

2. Follow the checklist for disassembly. (Attached) 

3. Complete tho mult Lple-cho Let.- lost items for tills TAP. 



Princtpal Author(s): T. zLJler 
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CHECKLIST FOR DISASSEMBLY: GENERATORS 

1 . Remove brushr?3 with proper hand tools. 

2. Mark sLator and end beli. 

3. Usi ig proper hand toots, remove nuts and bolts (Don't lose 
nuts and bolts) . 

4. Rerriove end bells from ^tator. 

5. Gently slip armature from laminated core". 

6. Refer to the atr-^ched exploded view. 
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D. C. MOTOR AND GENERATOR 
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•^NERATOR CONSTRUCTiON 



1. D-C generators are rated ir". tcrnn uf: 

r. . horsepower. 

b. volts. 

c. kilovvrjttS. 

d . amps 

2. To discover Ihc current output of a generator, the ammeter should be connected 

i r\ : 

u- a scries the cjencrtstor. 

b. series witfi the load. 

c. paraMel witi"^ the load. 

a. parallel witfi the generator. 

3 If turns on series field arc increased over the number necessary to give same 
s oltage oiitput at all load levels, the generator is said to bo: 

a . undercompounded . 

b. a shunt generator . 

c . flat-compour^ded . 
d . overcompoundcd . 

t|. Three types of compound gen^^-^ators can be obtained by: 

a, adding rrjore batteries to the exciter field. 

f changii-.j Uie number of turns in the series field. 

c. intOi p^! 

d. using biggt^r brushes. 

5. Generator voltage? can bo varied by using o rcsisUw across [\m\ scri(!S f:ol(l 
to vary the current through it. This is cnllcd a: 

a. exciter. 

b. diverter. 

c . commutator . 
d. shunt. 

6. The direct current generator is constructed sintilar lo the: 

a . D-C motor . 

b. split phase motor . 

c- three phase motor, 

d. shaded pole motor. 
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7. Permanent gnets arc used in generators to: 

1. produce line^; of forco noct.^ssrjry to generate electricity. 

b. produce voltays? \\\ (.'locr.ric»ty . 

c. iiold th.e cornin jlator . 

d. defrujgneti ^'o thr: br'.j^>lies. 

8. Street current froRj a battery is used to: 

a. keep tlie ^urvitui riowincj in tlie same <Jirection. 

b. run the generator. 

c. excite the field coi!s of a generator. 

J. enei'cjize the cofimui tator . 

^; Tlu' generator wireci so the armature fields and load arc^ connected together 

perrifiaruM^t iv.ngrM^t generator, 
b- battery excited generator, 

c, separately excited generator. 

d. the series generator. 

10. A coil of wire wound around a steel core and r nated in a magnetic fieid is 
called: 

a . the starter . 

b . the commutator . 
c . ti le conductor . 

J . 1:^"^: 'Ormature . 
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L^.P T2ST ANSWi:R KEY: GENERATOR CONSTRUCTION 



1 . 


X— 1 

c 


2 . 


R 


3. 


D 


a. 


8 


5. 


B 


r 


A 


« . 


A 


8. 


C 


9 


D 
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P6RF0nMAMCE ACTiVJTY: Troubloshootincj Gonorators 
OBJECTIVE : 

Given the necessary tools, equiprient, and supplies, correctly trouble- 
shoot a generator according co: (1) manufacturer's specif ications ; 

(2) followj-ng procedures and practices accepted in the indu.stry; and 

(3) those outlxm^d in i:he reference text. 

EVALUATION PROCEbUlu::; 



Correct troubleshoc ting of a generator as detormined by criteria on 
attached checklist. Successfully complete at least 80% of the iterr.c on 
a multiple-choice test about this LAP. 

RESOURCES : 

jjQ ^Q^ ^^ P^"^^^ ^ Robert Rosenberg, }:)agos 279'-280. 
Checklist for Trouble -ihoor i ng : Go nor a tor 
L)-C Generator. 

Compass 
Growl er 
Ohmii^e ter 

Amprobe c>r Arainet r 

Steps 

1. Review the reference text. 

2. Go to the instructor and have hiin assign o work station and a 
D - C g ' J n e r a to r v/h L c : h y o u will t r o u b 1 e rii hoc t . 

3. F^>1 lowing the procoduro described in the text^ troubleshoot a 
i>-v; rjcii'-rator - 

iiOTF : oil ov/ y a f (1 p r a c t i co 3 a wd pr oc c^du r o s at all t imc^i - 
l:lectr lc i try is potorit ially dangerous . 

4 . U:ic tin: a ttaflu'd L.'hcM/k list an a cjom^ru 1 (ju ic^M i no . 
Compli.-te thr I I Lp I c—clu) i ft: test il.er.s tin this LAP. 



Principal Author{s): 'i'- * ' i i 
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CHEC1CLI3T FOR TROUBT.£SHOOTING : GI^NER^'^■OR.S 



1- 


Make a thorough visual inspection. 




2. 


Take a sltoircs tttst (Gr'.>wiijir; . 




3- 


Take an apcvn t-cst (Oliimnoter) ("Hecord value 




4 . 


Connect liel.l:i co a low D.C. voltage. 




5. 


Using a compasS/ check polarity. 




6. 


Take an AC voltage reading (Voltm^ater) (Pecord valu-) - 


7. 


Take a currect reading (Amprcbe or ?x:.mocGr) 


(Record vaxues) . 


8. 


[;> is connect power . 




9 , 


C^^'iiioar'..' v-\ I iu*,-i with maraiiitc tut; cr ' s yin-c i 1* i t.\ 
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1 . Solder in the inside or ei D- C yenerutor is cau^.ed by: 

a. worn bearings, 
b . open field coiSs . 

c. armature over-fieat. 
d . T I c cm p 0 u n ci c-^ d . 

2- 11-' a generator has too nuich rosistanco in Iho fit^lcl circuit, Ihe qonerntor vyiil: 

a . not get ler at.G . 

b. rotate. 

c. operate only slightly. 

d. operate norma ily. 

3, tf ^^ generator has too mucl^ resistance in its field circuit, the trouble may be: 

a. shorted tield coiis. 

b. loose connections, 
c . bad bear ings . 

d. grounded field coils. 

i\. If a generator does not generate power, the trouble may be: 

a. a loss of residual magnetisnK 
b an over !: aci . 

d . too s low a speed . 

5. What would be the probable cause of a smoking P C generator? 

a. ^.he vyroi^g field connection 

l.^. a complu'toiy s 'nor ted armature 

c. a loss of residual magnetism 
d . u b^d bearing 

6. VVI^y would a wrong ricid cof^necliur^ result in a non-operational generator? 

a. Tl^e lines o\ force would be produced opposite ul the residual lines. 

b. The .armature would short and burn, 

c. A higfi resistance force would be created. 

d. The lines of force would he produced in the direction of the flux. 

ERiC 3^G 
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7. Mow is contii^uily of a field ciiecl-^^icl in o g^in-rntor'' 

a. use an ohmmcter 

b. use a manometer 

c. use i\ voiocity iriotof 
ci. use a ^5mpmot.'-^^ 

8. !l r.i aenerator ciO;-b r\oi f3r-oduc<^ cur;xaU flow, whuu is a possibl-^ caLiSe? 

a. field winciing arc not producing paraiio! iir^es of magnetic for ce 

b. arching brushes 

c. sliortec! armature 

d. fiux lines .'iro boinc! brokers 

9. If a generator does riol gc^n^trato, what is tiie fX3Ssii>U^ caus.!? 

.1 . loss of r osidua! fiiriCjriOliv'.m 

b, arching orusiics 

c. partially shorted armature 

d- partially shoried field windings 

10. Which of the following should you troubleshoot like a D-C generator' 

ri. A-C shaded pole motor 

o. D- C motor 

c. A-C split phase niotor 

d , A-C r-epulsion rnotor 
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LAP TEST ANSWER KEY: TROUBLESHOOTING GENERA I ORS 

1 . C 

2. A 

3. B 
H . A 

5. 3 

6 . A 

7. A 

8. C 

9. A 

10. 8 
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DcUO' .... 

PERFORMAjVSCE ACTtVSTV: Repairing Genar Qtor.s 

OBJECTIVE ; 

Given the necessary tools, equipment, and :'3uppl Los , correctly repair a 
generator according -'.o : (1) inanufac taror ' ii specifications; (2) tol jewing 
procedures and practices accepted in thc; iiidui^try; and (3) those outlined 
in the reference text. 



E VALUATION PRQCEDuR L: : 

Correctly repair a qonorator as doterminod by ci/LLoria on a'c l.ru.'I»c/d 

checklist- Sucr^essL'ul ly complotf^ at least BO'f. of the ilemrj on a multipit?- 
choice test about th.ii^ loAP, 

RESOURCES : 



Electric Motor P.o pair , Robert Rosenborg, pages 279-280. 
Checklist for Repair: Ceneratorn 

li.ght machine oil 
^^ar nish 



PHOCEDU/iE : 

Steps 

1. Reviev; the reference texL- 

2 . Go CO t hii J i p. s t r u c tor and h a v h i m -ii r> i g n ii wc^ *" I: station a r ui c \ 

■ j e I le r a tor w h i e h y ou will i" o pa i r . 
.■; . EOi.iov/inq the procedure descr.ibeti in the text, npair .i ^ jcrun' a tor . 

Nu i'E ; i''o i 1 ov; f e [ > rac t i. cos- and ]j>roced u roM at a J 1 t .imut ; . El ec tr i c i ty 
1..; poiioni La 1 1 V dancjeroii:, , 
-J. i:-: ' attached chocklif^t as a gv'noral guideline in repairing 

■-; -li.n'a -^.lm: . 

- M;.' i.vrit.p chaici^ t.'St itemi; tor this LAP, 



(iiust^ow AI**U, Mni;ti)nu 5923] 
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CHECKLIST FOR REPAIR: GENERATORS 



S ervice 

1 . Lubricate bearir^gf. . (ligl tt inac^Jru> oil) , 

2. Insure that motor is not filled witii lint or dirt 

3. Check for fret: rotation of shaft. 



Repair 

1. Usiiig proper toois, re?vi;-;vc:- bcid bearing: 

2. Replace bearin:;. 

J. Lubricate rievv bearinc). 



Rewinding 

1 . Strip the stator . 

2. Check for correct size of magnetic wire. 

3. Fit paper insulation in stator. (See instructor when completed) 

4. Rewind motor using the form winding method. 

5. Splice and connect leads. (See instructor when completed) . 
5. Test new winding with proper test equipment. 

7. Dip stator in varnish. 

8. Reassemble th»e motor. 

9. Conitecl niou>r Lo povvoi' source. 



Reassembly 

1 . Gently '. • ' -^..or irisido stc.L.j. 

2 . M ig**! erid bells . 

3. Insert bolts and tighten. 

4. Connect motor to power source 

5. Refer to exploded view. 
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GENERATOR 




FRONT END 
BtLL 




1 . If new brushes have been inst::Sicd in a D- C yencralor, but ttioy spiwk badly, 
IhCi trouble rruw be: 



a , worn bearings , 

b. the high and 'ow b^.:rs on the conimutntor. 

c. too much end oic^^y. 
d . loose pcio pieces . 

Wr.al could pr'A/ont sufficient ci.'rrr-p.t from flowiiiC; ii^ the tu^lc] coils of ;,i yenera- 
tor : 



a. loss of residual magnetism 

b. wrong field connection 

c. faulty field rheostat 
ci . wrong rotation 

3, If the voltage drops considerably as the load is placed on a generator, the 
trouble may be: 

a. loss of residua! magnetism. 

b. shorted armature, 
c . too slow a speed . 
d . w rong rotation . 

i-i. Vv'i^:ch of ti.e ^oNowing should be used to determine the output in voltage that 
a g^:^crrA ^ .-..is out i? is repaired? 



a . barometer 

b . watt meter 

c. micrometer 

d . VOM 

If a field wir-iding does nut seem to be functioning \)ro\)cr\y . wliich of the folk)w 
ircj inbirumcnts should be used lo determine the flow of current^' 

a. ampm^etcr 

b . velocity n^eter 

c . barometer 
d . pry rom(^ter 
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If after repairing a generator you find it turns the wroi'icj direction, wrut should 
you do? 

a. rewind the yenerDtor 

b. change si. unt fieid leads 

c. check ttit generator with a VOM 

d. turn the armature lirouind 

Wl^i^re is the ncLitral poirU. \\\ an interpole generat(jr found? 

a. at the center of the interpole winding 

b. directly under the center of the interpole 
at the center of armoturo shaft 

d. at the center of the commutator 

i\ after repairing a generate)- li)e voltage rioi-. ;vol huUd up. i^^ : >>ossih1e 

r:ause? 

a. the case is shorted out 

b. bad bearir^gs 

c. brushes are the wrong type 

d. resist-^nce in the field circuit 

If after repairing a generator you find only a low voltage will develop, which 
of the following may be the cause? 

J . bad brusne:> 

. si'.or led arif^ature 
c . bad iHiar ings 

d. field win-lings cwnnecied improperly 

If after repair a generator you discover tluU no voltage is produced, what 
r-.a:-. nappe, ic- the magnetic lines of flux in the generator ? 

. chey are r"ioc the cauii.e of ihe f> rob I cm 

b. they nre running opposite to U\c residual lines of tlux 

c. they are not being broken 

d. tnx:y era intersecting the resiciuai lines at ^5 
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LAP TfS'T ANSWER KEY; RFPAIRiNG CFNI:;RATOP,S 



1 . B 

2. C 

3. B 
n . D 

5 . A 

5. B 
7 

B. D 

9. B 

10. C 
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UNIT POST TEST: DIRECT CURRENT MOTORS AMD GENERATORS 



78.01 .07.01 



1 . Wfiat is the first step in iisassembl ing a D~C motor? 



a. remove the retaining bolls 

b. mark the end bells and frame with a pin punch 

c. lift the brushes out of their holders 

d. unscrew the pigtail connections and re?>iove the brushes 

2. 0\\ which portion of a D-C motor' is the brush rigging usually mounted? 

a . on the frame 

b. on the armature shaft 

c. on the back end plate 

d. on the front end plate 

3. The sizes of D-C motors vary from: 

a. 1 Hp to 5 HP 

b. 1/20 HP to 10 HP 

c. 1/10 HP to 1/100 HP 

d. 1/100 HP to thousands of horse power 

i\. In a D~C motor, the commutator is supplied with current: 

a. by allowing the brushes to ride on the commutator while it's turning 

b. through rl.-^ i'ield coils 

c. u n*^' .. .?pp^ opr i^nt^? source 

\. by allowing the bi i-^J^'js to r.de on commutator up to certain sp..e(i 
5. On which part of a IJ-C n;okM s' armalurc do the brusf-ies ride? 

a . on tl"»G field coi! 

b. on the arrriature coi)s 

c. o'' ?he brush Voider 

d. ihe cum rnu la Lor 
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78.01 .07.02 

6. A stabilized shunt motor contairih: which of the following? 

a. a rotor 

b. a light serie^t: field 

c. variable field 

d. a heavy series field 

7. Which of the following characteristics does a D~C series motor have? 

a. lighter load, lower speed 

b . variable speed 

c. low starting torque 

a. heavier load, higher sp€>ed 

3. Vvfhich ot the following is characteristic of a D-C shcmt motor? 

a . constant speed 

b. low speed 

c. variable speed 

d . hJgh speed 

9. Which of the following components in a D C shunt t^iotor prevents a rise in speed? 

a. light series field 

b. carbon brushes 

c. heavy shunt field 

d. centrifugal switch 

10. A series-shufil fieid and armature connection is characteristic of what type 

oi snolor? 

a . sl^unt motor 

b . series motor 

c . ufiiversal motor 

d. compound motor 

78.0 1 .07.03 

in a D-C compound motor: if the current flc)ws through the series- fieuj i\nd 
shunt-field coiis of a pole \n the Scur-e direction, nnd the shunt field is connected 
across the line, this is known as a: 

a . long-shunt cumulative motor 

b. short-shunt cumiilative motor 

c. long-shunt differential motor 

d. short-shunt differential motor 

3-0 
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78.01 .07.03 (continued) 

12. In a two-pole D-C shunt motor the shunt fields are connected in: 

a. parallel 

b. series 

c. tandem 

d. unison 

13. If a shunt field is connected across the line so that the series and shunt fields 
have opposite polarity in same poie, the D-C compound motor is known as a: 

a. short-shunt differentia! motor 

b. lone-shunt differential motor 

c. long-shunt cumulative motor 

d. short-shunt cumulative motor 

14. To reverse the rotation of a D~C series motor, all that is necessary is to inter- 
change the leads on the: 

a. brushes 

b. stator 

c. armature 

d. terminal block 

15. In a cumulative D-C inotor, when the sl^.unt field is connected across the line, 
it is given the name of: 

a . shorl bor ies 

b. long series 

c . short shunt 
d . long sliui i: 

78. ':1 .07.04 

5-C motor runs ' lowly, the trouble might be: 

shorted coils 
grounded coils 
wrong inter polo poKirity 
v^orn berjr'i; j'jis 

\u,\ny c:uv.:ui\ > circ in j sIumu motor/ 

) 
.\ 

3 J •/ 



16. If a [ 



c . 
d. 

17. How 
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h. 
c . 
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78.01 ,07.04 (continued) 

18. What must be done before a test lamp is used on a D-C motor to check for a 
ground in the field winding? 

a. remove the armature from the slator 

b. remove the brushes 

c. disconnect the field coils 

d- disconnect all external leads 

19. In a D-C motor, if a bare wire touches the laminated pole, the motor is said 
to be: 

a . shorted 

b. interpoled 

c. open 

d. grounded 

20. Why does the NECR require that all permanently installed D-C luoturs bo 
grounded to a pipeline which is connected to the earth? 

a. it has nothing to do with motor operation 

b. it adds cost to the overall installation 

c. if not properly grounded, the operator may be severely shocked 

d. it causes the motor to burn open 

78 .01 .07.05 

21. A machine converting mechanical energy into electrical energy is called a (n): 

a. starter 

b. ir,c^^^ 

z . generator 
d. engine 

22. A wire moved to cut lines of magnetic force will produce: 

a . heat energy 

b. m.echanical energy 

c. eiectroiTiotive force 

d . static pressure 

23. A moving coil in a generator is called a fn): 

a . field winding 

b. armature 

c . magnetic force 

d . starting winding 
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78.01 .07.05 (continued) 

24. The n>2chanical device used to never se the connections to the revolving con- 
ductors is called a (n): 

a. brushes 

b. field winding 

c. armature 

d . commutator 

25. What are the three factors needed to generate electricity? 

a. electricity, mechanical power and a conductor 

b. mechanical power, movement, and a generator 

c. magnetic lines of force, a conductor, and movement 

d. a motor, generator, and movement 

78.01 .07.06 

26. Three types of compound generators can be obtained by: 

a. changing the number of turns sn the series field 

b. adding more batteries to the exciter field 

c. adding more interpoles 

d. using bigger brushes 

27. Generator voltage can be varied by using a resistor across the series fielcJ to 
Vciry the current through it. This is called a: 

a. exciter 

b. diverter 

c . commuta*o*" 

d. .iht-: 

28. The direct current generator is constructed similar to the: 

a. split-phase motor 

b. D-C motor 

c. three-phase motor 

d. shaded pole motor 

29. Permanent magnets are used \n generators to: 

a. den^agnatize the brushes 

b. [produce voltage in etoctricily 

c. hold llie c.onmaitator 

d. produce lines of force necessary to yeru^ralo electricity 
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78^01 .07.06 (continued) 

30. Direct current from a battery is used to: 

a. excite the field coils of a generator 

b* run the generator 

c. keep the current flowing in the same direction 

d. energize the commutator 

78.01 .07.07 



31 . How is continuity of a field checked in a generator? 

a. use a ampmeter 

b. use a manometer 

c. use a velocity meter 

d. use an ohmmeter 

32. If a generator does not produce current flow, what is a possible caust?? 

a. flux lines are being broken 

b. arching brushes 

c. field winding are not producing parallel lines of magnetic force 

d. shorted armature 

33. If a generator does not generate, what is the possible cause? 

a. arching brushes 

b. loss of residual magnatism 

c. partially shorted armature 

d. partially shorted field windings 

34. Which z>: '.h^ toiiowmg shoulJ you trouble shoot like a D-C generator? 

a. A-C shaded pole motor 

b . D-C motor 

c. A-C split phase motor 

d. A-C repulsion motor 

35. Why would a wrong field connection result in a non-operational generator? 

a. a high resistance force would be created 

b. the armature would short and burn 

c. the lines of force would be produced opposite of the residual lines 

d. the lines of force would be produced in the direction of the flux 
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36. If after repairing a generator the voltage does nol build up, what is a possibie 
cause? 

a. the case is shorted out 

b. bad bearings 

c. brushes are the wrong type 

d. resistance in the field circuit 

37. If after repairing a generator you find only a low voltage will develop, which of 
the following may be the cause? 

a . bad bearings 

b. bad brushes 

c. shorted armature 

d. field windings connected imporperly 

38. If after repairing a generator you discover that no voltage is produced, what has 
happened to the magnetic lines of flux in the generator? 

a. they are not being broken 

t. they are running opposite to the residual lines of flux 

c. they are not the cause of the problem 

d. they are intersecting the residual lines at 45 degrees 

39. If the field winding does not seem to be functioning properh-, which of the 
following instruments should be used to determine the flow of current? 

a. ampmeter 

b . velocity meter 

c . berometer 
d . p.^ . -^ru-Ler 

40. If after repairing a generator you find it turns the wrong direction, what 
should you do? 

a. turn the armature around 

b. rewind the generator 

c. check the generator with a VOM 

d. change shunt field leads 
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Studont: 
Date: 




Family Pay Number: 



File Code: 78.01 . 07.00. A1-5 

Date Published: 11/18/74 — 



Sex: M F (Circle 1) 



UNIT PERFORMANCE TEST: DIRECT CURRENT MOTORS AND 

GENERATORS 



OBJECTIVE 1 



Given a malfunctioning direct current motor or generator, the student will service 
and repair the motor so that it functions according to the manufacturer's specifi- 
cations, following safe practices and procedures. 



OBJECTIVE 2 : 

Using appropriate tools and test equipment the student will take shorts and 
open tests. 

OBJECTIVE 3 : 

Using appropriate equipment, the student will rewind a faulty direct current 
motor or generator. 

OBJECTIVE 4 : 

Using appropriate tools and test equipment, the student will calculate and 
record amperage, voltage, resistance and wattage of the direct current motor 
or generator. 



TASK : 

The student w^"" .-t-vice and repair a direct current motor or generator and, in 
the prcress, he will make shorts and open and grounding tests, using a;,propriate 
test equipment. 



ASSIGNMENT: 



Page 2 



78.01 .07.00.A1-5 



CONDITIONS : 

The student will be given a malfunctioning direct current motor or generator (it 
may be bugged by the instructor or it may be one brought in by a customer). He 
will be required to service and repair the motor or generator in conditions similar 
to those in a typical motor repair shop. He will be allowed to use any and all 
tools, equipment, service manuals, test books, etc., commonly found in a repair 
shop. He must complete it in a reasonable length of time with no assistance from 
the instructor(s) or students. 

RESOURCES : 
Tools: 

Internal-external snap ring pliers 

7-Piece nut driver set 

Tool box 18 X 8 X 9 

Circular gauge 

Hacksaws 

Pulley puller 

Arc joint pliers 

Lineman's pliers 

Diagonal cutting pliers 

Long cha<n-nose pliers 

Locking plier wrench 

Coil tamping pliers 

4-piece standard set screwdriver 

Center punch 

Cold chisel 

Ball peen hammer 

Lug crimpers 

Wire skinner and straightener 

Equipment: 

Coil stripping chisel 
Armature winder 
Coil winder 
External growler 
Insulation former 
Coil shapers 
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Studant: 

Date: 



Family Pay Number: 



PERFORMANCE CHECKLIST: 



File Cods: . 78.01 .07.00.A1-5 
Date Published: 11/18/74 



Sex: M F (Circle 1) 



OVERALL PERFORMANCE: Satisfactory Unsatisfactory 



CRITERION 
Mel Not Met 



Objective 1 : 






1. Follows safe practices and procedures. 






Criter-'on: No injury results to the student or the 






equipment and complies with OSHA requirements 






2. Follows proper procedures for disassembly. 






Criterion: No damage results to the motor. 






» 3, Diagnosis and trnnh1p<;hnntq mal ftmrtionq prnpprly 






Criterion: When repaired, the motor functions according 




to the manufacturer's specifications. 






4. Reassembles the motor or generator properly. 






Criterion: Appliance functions according to the manu- 






facturer's specifications and the procedures 






followed aaree with those describpH in thp 






servi rp li teraturp. 













4 or. 
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CRITERION 
Met Not Met 



5. The repaired motor or generator is repaired in a neat. 






professional manner. 






Criterion: No damage results to the motor such as opens 






and shorts. 






6. All connections and fastenings are properly completed. 






Criterion: The motor or generator connection complies 






with the manufacturer's specifications. The 






connections are mechanically fastened and 






structurally sound. The connection is 






electrically fastened and free of defects. 







7. Motor functions according to the manufacturer's 






\ specifications . 






Criterion: Manufacturer's specifications. 







8. Uses appropriate repair part and supplies. 







y . 

Criterion: They match exactly those listed in the manu- 

t . 






"^urhurer's speci f •''rat.ions . 




. ... 


Oh.iPrtivp ?! — ^ 


- 




9. Test for grounded commentator, using test lamp. 




10. Test for shorted communtator, using test lamp. 






11. Test for grounds, using growler or millivolt meter. 
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CRITERION 
Met Not Met 



12. Test for shorts in the field coils, using a growler. 






13. Test for shorts in the armature coil, using a growler. 






14. Test for an open field coil, using an ohmmeter. 






15. Test t'or an open armature coil, using an ohmmeter. 






16. Test for reversed coils, using a compass or bar 






magnet test. 






Criterion: Troubleshooting techniques reveal the malfuncti 


on» 




as identified by job sheet. 




— 


Objective 3: 






17. Uses coi 1 -stripping tool to remove coils. 






18. Uses armature winder, if appropriate, when winding 






1 the armature. 







19. Uses coil winder, if appropriate, when winding field 







— - ■ 



' coil. 

1 


— ' - - 


1 

1 

: 20. Uses insulation former, if appropriate, when 




ir;suiating. 


— ... — 




21. Uses coil shaper, if appropriate, on the field coils. 


, 





! Criterion: Proper equipment application results in a 






defect-free operative motor. 
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CRITERION 
Met Not Met 



Objective 4: 






?? IIqpq t•p^'^ pniilnmpnt' nvTinpvlv 






23. wattage readings are accurate. 






24. Voltage-readings are accurate. 






25. Amperage readings are accurate. 






26. Resistance readings are accurate. 






oriLcriuii. rianuTac turer s sptrci ti ca u i uns . 






27. When applicable, mathematical calculations are correct- 







uriLerion. ml/uu uircuiu rianuaiSs wesnngnouse. 






2ft. Thp motor or generator is repaired in a reasonable 






time. 







i rri1"prion' Nnl* tri pypppH 4 hnny^^ 


■ 


— 









The student must successfully complete 25 out of 28 line items 






to achieve an overall score of satisfactory. 






, 


— •• 




















i 
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UNIT: 



UNIVERSAL AND SHADED POLE MOTORS 



RATIONALE ; 

Universal and Shaded Pole Motors are fractional horse power motors. 
Almost all hand held and some fixed appliance motors are universal. 
Almost all timer motors used as a clocKing device are Shaded Pole Motors. 

PREREQUISITES : 

Unit: D.C. Current Motors and Generators 



OBJECTIVE : 

Given a text and illustration^ tools, equipment and materials; describe, 
troubleshoot ^ service, repair, and reassemble universal and shaded pole 
motors - 

RESOURCES : 



GENERAL INSTRUCTIONS : 

This unit consists of 8 Learning Activity Packages (LAPs) . Each LAP 
will provide specific information for completion of a learning activity. 

The general procedure for this unit is as follows: 

^1) Road tt:o first assigned Learning Activity Package (LAP), 

(2) lic'jxn anrl complete iho first assigned LAP. 

(3) Take and score uhe LAP test, 

(4) Turn in the LAP tGSt answer sheet. 

(5) Determine the reason for any missed items on the LAP tost. 

(6) Proceed to and complete the next assigned LAP in unit. 

(7) Complete all required LAPs for the unit by fol lowing steps 
3 through 6. 

(8) Take the unit tests as described in the Unit LEG "Evaluation 
Procedures" . 

(9) Proceed to the next assigned unit. 



Principal Author(s) 



T. 



Zi Her 
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Printed Materials 



Electric Motor Repair , 2nd Ed. Robert Rosenberg, RineLart, and Winston, 
1970. A set of manufacturer's motor specifications and data sheets. 
Introduction to Power Technology Principles of Electric Motors , 2nd Ed.^ 
Vega Enterprises Inc., Decatur, Illinois, 1973, 



Service Manuals 

Attached Checklists: 

Checklist: Operation of a Universal Motor 
Checklist for Disassembly: Universal Motor 
Checklist for Troubleshooting: Universal Motor 
Checklist for Repairing a Universal Motor 
Operational Checklist for Shaded Pole Motor 
Checklist for Disassembly: Shaded Pole Motor 
Checklist for Troubleshooting: Shaded Pole Motor 
Checklist for Repairing Shaded Pole Motors 



Illustration; 

Universal Motor 
Shaded Pole Motor 



Equipment 

Shaded Pole Motor 

Universal Motor 

Ohmmeter 

Growler 

Ammeter 

Voltmeter 

Light ma^\.L:i'' oil 

hc-nd tools 




Page 2 



7B. 01, 08.00. A2-0 



PERFORMANCE ACTIVITIES : 

•01 Operation of the Universal Motor. 

.02 Ur ersal Motor Construction. 

.03 Troubleshooting Universal Motors. 

.04 Repairing Universal Motors. 

.05 Operation of the Shaded-Pole Motors- 

.06 Shaded-Pole Motor Construction. 

.07 Troubleshooting Shaded-Pole Motors - 

.08 Repairing Shaded-Pole Motors. 



EVALUATION PROCEDURE : 
When pretesting: 

1- The student takes the unit multiples-choice pretest. 

Successful completion is 4 out of 5 items for each LAP part 
of the pretest. 

2. The student then takes a unit performance test if the unit 
pretest was successfully completed - 

Satisfactory completion of the performance test is meeting tho 
criteria listed on the performance test. 

When post testing: 

The student takes a multiple-choice unit post test and a unit 
performance test. 

Successful unit completion is meeting the listed criteria for 
the performance test- 



FOLLOW- THROUGH : 

After completing this guide, you may begin with the first LAP- This is 
the last unit in the course. 
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UNIT PRETEST: UNIVERSAL AND SHADED-POLE MOTORS 



78.01 .08.01 



2. 



3. 



What type of motor is very similar to the D-C series motor? 

a . shaded pole 

b. universal 

c. compound 

d . split phase 

What causes rotation in a universal motor when the armature and field coils 
are connected in series and current is appliocl? 

a. a current is induced to cause electromagnetic induction 

b. field coils change polarity, causing armature to vUrn under load 

c. brushes lift and rotation is maintained by field coils under load 

d. lines created by field react with lines created by armature 

What are the two types of universal motors? 

a. split-commutator and slip ring 

b. split-phase and shaded pole 

c. concentrated-field and field winding 

d. A-C and D-C 

How small in size are universal motors? 

a. 1/10 HP 

b. VlOO HP 

c. 1/200 HP 

d. 1/3 HP 

How are the armature and field coils connected? 

a . parallel-series 

b. parallel 

c. series-parallel 

d. series 
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6. How is the commutator of a universal motor connected to the shaft? 

a . it is glued on 

b. it is set-screwed on 

c. it is pressed on 
d- it is welded on 

7. With what is the field core constructed on a universal motor? 

a. with heavy flat copper wire 

b. with tightly pressed and riveted laminations 

c. with small round copper wire 

d. with bronze wire 

8. identify #6 on the exploded view of a universal motor (attached) . 

a. bell housing 

b. metal clamps 

c. field coils 

d • laminated core 

9. Identify #4 on the attached figure. 

a . fan 

b. commutator 

c. laminated core 

d. armature 

10. Identify #3 on the attached figure, 
a. laminated c^re 

c . commutator 

d , fan 
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n . Shorted coils wilt cause a universal motor to: 

a. have poor torque 

b. smoke 

c. run hot 

d . spark badly 

12. What would the wrong brush position cause a universal motor to do? 

a . run hot 

b. smoke 

c. spark badly 

d. have poor torque 

13. What is the problem in a universal motor that causes it to rotate CCW? 

a. short in the armc^Jure 

b. short in the switch 

c. open field coil 

d. reversed motor leads 

14. if the armature and field coils were connected in series, what problems could 
arise? 

a. the field coils would open 

b. it would short out the armature 

c. it is a normal connection 

d. the motor would hum 

15. When testing fo? shorts, what test instrument is used? 

a. amprobe 

b. voltmeter 

c. browler 

d. ammeter 

78.01 .08.04 

16. How many start windings are required by a shaded- pole motor? 

a. throe 

b. four 

c . two 

d. one 



EKLC 



415 



Page n 



78.01 .08.00,A2-2 



78 .01 (continued) 

17. Reversed coil leads in a universal motor will cau'se: 

a . hot motor 

b. bad sparking 

c . smoke 

d . poor torque 

18. If a universal motor has poor torque, the trouble may be: 

a. brushes off neutral 

b. shorted armature 

c. overload 

d . shorted field 

19. If a universal motor smokes, the trouble may be: 

a. reversed coil leads 

b. high mica 

c . worn bearings 

d. wrong brush position 

20. When installing new insulation in a universal motor armature, how far should 
the insulation extend above the end of the slots? 

a. 1/4 in. 

b. 1/16 in. 

c. 3/8 in. 

d. 1/2 in. 



78.01,08-05 

21 What is the phase difference between the shaded windings and the field windings? 

a. 45 degrees 

b. 180 degrees 

c. 90 degrees 

d . 270 degrees 

22. How are the shade-poles connected? 

a . series opposing 

b. parallel alternately 

c. series alternately 

d. parallel supporting 
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78.01.08,05 (continued) 

23. As current drops, what is induced in tine siiaded coil? 

a. very little current 

b. no current 

c. a great amount current 

d. reverse current 

24. During the part of the sine curve where the current drops near maximum to 
0, current in the shaded coil will agin be: 

a. lagging 

b. opposed 

c. dropped 

d. induced 

25. A characteristic of a shaded-pole motor is: 

a. poor starting torque 

b. maximum tqrque on starting 

c. low torque at high speeds 

d . low RPM 
78.01.08.06 

26. How can a shaded-pole motor be reversed? 

a. by switching the position of the end bells 

b. by changing the windings 

c. by reversing the slator 

d. by reversing the rotor 

27. Ider/ify fiy^iro number '4 on the attached illustration: 

a . end bell 

b. bearing 

c. stator 

d . w i nd i ng 

28. Identify item number 3 on the attached illustration. 

a . rotor 

b. end bell 

c. winding 

d. stator 
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29. Identify item number 1 on the attached illustration: 

a . rotor 

b. bearing 

c. stator 

d. winding 

30. All shaded-pole motors have rotors of what type? 

a. squirrel-cage 

b. slotted 

c. split-phase 

d. fast starting torque 

78.01 >08,07 

31 . If a shaded-pole motor is noisy, the trouble may be: 

a. bad brushes 

b. the wrong brush setting 

c. worn bearing 

d . a shorted field 

32. When using a test lamp on an open field coil of a shaded-pole motor, the light 
would: 

a . stay cut 

b. glow brightly 

c. glow norm:^I!y 

d . glow dinily 

33. When using a test lamp on a shorted field-coil of a shaded-pole motor, the 
light would: 

a. glow dimly 

b. glow brightly 

c. glow normally 

d . stay out 

34. How many phase does a shaded-pole motor have? 



a, 2 

b, 1 

c, 3 
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35. What meter would you use to troubleshoot a shaded pole motor? 

a . velocity meter 

b. ampmeter 

c. VOM 

d. micrometer 

78.01 .08.08 

36. What method should be used to rewind a shaded-pole motor? 

a . set winding 

b. skein winding 

c . hang winding 

d . form winding 

37. If after repairing a shaded-pole motor you find that the motor does not run, 
what may be the cause? 

a. magnetic flux lines are Intersecting a 45 degrees 

b. loose bearings 

c. magnetic flux lines are parallel 

d. shorted field windings 

38. When are shaded-pole motors used? 

a. where extremely long life is desired 

b. where high starting torque is needed 

c. where very high horsepower is needed 

d. where high starting torque is not needed 

39. When repairing a field winding, how many turns should be in each Tield winding? 

a. as many as specifications call for 

b. it depends on the horsepower of the motor 

c. it depends on if the motor is A-C or D-C 

d. all shaded-pole motors require 1237 field windings 

40. When repairing most shaded-pole motors, what should be done with the shaft 
bushings or bearings? 

a . lubricated with graphite 

b. greased with multi-purpose grease 

c. oiled with hearing oil 

d. oiled with light machine oil 
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PERFORMANCE ACTIVITY: 



Student: 

Date: _ 

Operation of the Universal Motor 



OBJECTIVE : 



Wr 



ite a description about the operation of a Universal Motor. 



EVALUATION PROCEDURE : 

Student is to write a description about the operation of a universal 
motor that is consistent with the attached checklist. Also score at 
least 80% on the multiple-choice test. 



RESOURCES : 

Checklist on operation of a universal motor, (attached) 
Electric Motor Repair , Robert Rosenberg, pages 254-255. 
Universal Motor. 

Introduction to Power Technology Principles of Floctric Moto^, Vega, 
pages 36-39* 



PROCEDURE : 

1. Read pages 254-255 in Electric Motor Repair . 

2. Foi^'^ : I lAO checklist for operation of motors. (Attached) 

3. Complete experiment #5, Universal Motors in Introduction to 
Power Technology pages 36-39. 

4. Operate the motor and observe the characteristics of the motor 
according to the items listed on the operational checklist attached. 

5. Complete the multiple-choice test items for this LAP. 
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CHECKLIST: OPERATION OF A UNIVERSAL NDTOR 
Connect motor to power source. 

A universal motor is constructed with an armature 

and field coils; they are connected in series. 

Current applied to the field coils will set up mag- 
netic lines of force, which will react with the force 
created by the armature and cause rotation. 

Disconnect motor from power source. 
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^>i^x^l^^^^^ LAP TEST: OPERATION OF THE UNIVERSAL MOTOR 

1 . What are the two major characteristics of a universal motor? 

a. high starting torque and variable speed. 

b. low starting torque and variable speed. 

c. low starting torque and lots of power. 

d. high starting torque and constant speed. 

2. Why is the universal motor the most popular type in the fractional horsepower 
size? 

a. it is inexpensive. 

b. it is used on most household appliances. 

c. it doesn't have field coils. 

d. it can be used as a generator. 

3. What is the purpose of the field core in a universal motor? 

a. it houses the bearings. 

b. it supports the outer [mousing. 

c. it holds the armature, 
d . it holds the coll . 

4. What type of motor is very similar to the DC series motor? 

a. shaded pole. 

b . universal . 

c. -^T. r^po^-^nd . 

d. split phase. 

5. The type of motor that can be used on either AC or DC voltage is: 

a. a shaded pole motor. 

b. a split phase motor. 

c. a universal motor. 

d. a repulsion motor. 

6. What causes rotation in a universal motor when the armature and field coils are 
connected in series and current is applied? 

a. a current is induced to cause electromatic induction, 

b. field coils change polarity, causing armature to turn under load. 

c. brushes lift and rotation is maintained by field colls under load. 

d. lines created by field react with lines created by armature. 
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Universal motors run on what currents? 

a. 115 volts. 

b. AC only. 

c. DC only. 

d. single phase AC or DC. 

What are the two types of universal motors? 

a. split commutator and slipring. 

b. split phase and shaded pole. 

c. concentrated field and field winding. 

d. AC and DC. 

;:ow small in size are universal motors? 

a. 1/10 HP. 

b. 1/100 HP. 

c. 1/200 HP. 

d. 1/3 HP. 

How are the armature and field coils connected 

a. parallel series . 

b. parallel. 

c. series parallel. 

d. series. 
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1. A 

2. B 

3. D 
^. B 

5. C 

6. D 

7. D 

8. C 

9. C 
10. D 
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OBJECTIVE : 

Identify the component parts of a universal motor. 



EVALUATION PROCEDURE : 

Student is to identify by labeling the component parts of a univt^rsa 
motor that is consistent with attached checklist. Also score at U.^a 
80% on the multiple-choice test. 



RESOURCES : 

Illustration of a Universal Motor, (Attached) 
Checklist on disassembly of a Universal Motor. (Attached) 
Electric Motor Repair . Robert Rosenberg, pages 254-255- 
Universal Motor. 
Hand tools 

Universal Motor display board 



PROCEDURE : 

Steps 

1. Revip'- vL' .-3 254-2r^!j i. "1 ectr ic Moto r Repair . 

;! . Follow the checkli:.:! JJor disar.sombly of motorrj. (AttacluHl) 

3. Complete the muU i ple-cho Lot- to-:t item:; for thin TAP. 



O 'Principal Authoris): T. ziller 
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CHECKLIST FOR DISASSEMBLY: UNIVERSAL MOTOR 

1 . Remove brushes with proper hand tools. 

2 . Mark stator ond end bell . 

3. Using proper hand tools, remove nuts and bolts (Don' 

' nuts and bolts) . 

i\. Remove end bells from stator. 

5. Gently slip armature from laminated core. 

6. Refer to the attached exploded view. 



Page 3 



UNIVERSAL MOTOR 




File Code: 



78.01 .08.02.A2-2 



Student: 



Date: 



Date Published: 



1/6/76 




LAP TEST: UNIVERSAL MOTOR CONSTRUCTION 



2 . 



3. 



How is the commutator of a universal motor connected to the shaft? 

a. it is oifed on. 

b. it is set screwed on. 

c . pressed on . 

d . welded on . 

Where is the frame located on a universal motor? 

a. end plates. 

b . outer housing . 

c. coil bracket. 

d. field core. 

Why are universal motors usually built into the device they drive? 

a. they run very low speed and cause vibration. 

b. they don*t have any moving parts. 

c. they run at dangerously high speed without load. 

d. the bearings don't have to be lubricated. 

Wilh what is the field core constructed on a universal motor? 

a. with heavy flat copper wire. 

b. with tightly pressed and riveted laminations. 

c. with sn.aP round copper wire, 
d . ! onze wi re . 

Identify #6 on the exploded view of a universal motor (attached) . 

a. bell housing - 

b . metal clamps . 

c. field coils . 

d . laminated core . 

Identify tl2 on the exploded view of a universal motor, 
a . oil seal . 

b. carbon brush holder. 

c. bearir^gb. 

;1 , c.irbon bru^^lOb . 
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Identify #4 on the attached figure. 
3. fan. 

b. commutator. 

c. laminated core. 

d. armature. 

Identify#l on the attached figure. 

a. armature coils, 

b . field coi Is . 

c, commutator. 

d. metal clamps. 

Identify #3 on the attached figure. 

a. laminated core. 

b. armature. 

c. brush holder, 
d- fan. 

Identify on the attached figure. 

a. commutator. 

b . armature coils . 

c. fan. 

d . laminated core . 
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LAP TEST ANSWER KEY: UNIVERSAL MOTOR CONSTRUCTION 



i . C 

2. B 

3. C 

4. B 

5. D 

6. D 
?. D 

8. B 

9. C 
10. B 
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Learning Aetiwit 




Sturtofit: 



Date: 



PSaFORiWAWCE ACTfVSTV: JPr^aiiai-'^Uoo^l^ 
OBJECTIVE : 

Troubloshoot a universui motor foliov/incj tin: .^tcps cjivon on tiio attached 
checklist. 

£ V ALUjVTION^ rj?^^^ U RE : 

The appliance mur.c operate, pi.^pcriy ..jkI th.: .U-ud-nt i.: Lo maki^ a ch(n:k~ 
list on troubloj-;hootir;g of the moror that is coDfn.s t crM". with the qiven 
checklist. Successfully complete at least BO^ of tiie items on a multiple- 
choice test about this T^^P . 

Universal motor 

Ohinmcter 

Growler 

Amriieter 

Voltmeter 

RKSpURCES : 

Checklist on troubJeshoot inq a moLc^r. { AtLcu;lii.-d ) 
Universal Motor . 
Service Marr.ials. 

Eiec'cx ic Motor K.::"ii_r^. by Robert Rosenberr], paycs 204-2^5. 



PROCEDURE: 



Steps 



PolLow the ch<^cklJ.sts for Lroubleshoot incj a motor. 
C(jmf..iete t he ma J l i p 1 e-.Jno i r;..- L.:;U i.tems for this LAP. 



Principal Author{s) : t , z 1 1 1 er 
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CHECKLIST FOR TROUBLESHOOTiNG; UNIVERSAL MOl OK. 



1. iViake a thoroucih visual ins;v<tct ior-. . 

2. If the motor sparks bacily. chcrck tor: 

a. Shorted field poles (Ohmmeicr) iGrowler') . 

b. Wrong lead position on the co;nmutaU;r . 

c. Open armature coils (Ohmaictor ) . 

d. Shorted armature coils (Growler) . 

e. Reversed coil leads. 

f. VJorn bearings, 
g . Higf^ mica . 

h. Wrong diroctioin of rotation. 
3 it the fnotor run:-; hoi, check lor: 

a . Worn bearings . 

b . Dry bearings . 

c. Shorted coils (Crowicr) . 

d. Overload (Ammeter). 

e. Shorted fields (Growler) . 

f. Brushes off-neutra!. 

If the ruotor sinokes. cticck for: 

n. Shorted .armature iGrowlor) . 

b. Shorted iields (Crov/!er) . 

c . Worn boar intjs . 

d. Wrong voltcUjo tVoUmeler) 
Ovf! \^\)d iAmmelor) . 

S. if the ... ^lI'. ly- 'r »c h.-. !: for- 

3. Shorted coils (Growler i . 

b. Shorted field (GtgwIjm . 

c. Wrong brusi^ posittcr\. 
d . Wor n bearii i.js . 

G T;iKt: a rcsi^tar>C3 ■ rjao.ng or; th^.- j..:aor fieicJ w i - nJ ii'iy s . 

Tcjke a resistance reading on the ar.r.ature coils. (Record values) , 

7, Plucj the motor inlo 1 \:\' AG- [K)WL»r sonrce. 
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8. Take a voltage reading on the motor terrnifv:.us . (Reccyrd value) Compare 
with manufacturer's name plr.io. 

^3. IJsinq an arnn^cter take a curr^.:n\ roadir^g on the motor. {Record value) . 
Compare with Kianur.'iCtLirer . p!aUj 

10. Dii^conncct from r\C Povv;:i'. 

11 CtMineci fields to a low D.C. voitacjt-. 

12. Use a compass and check for polarity. 
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LAP TGST: TKOU BLLiSI tOOTI NG UNIVERSAL MOTORS 



1. Shorled coils will cause a universtji rr^otor' lo. 

a. have poor torxiuo. 

b. smoke. 

c . run hot. 

d . spar k badly . 

2. If the bearing housing was hot in a universal rnotor, the problem might be: 

u. th.t':: wrong voltage being cH.'pl:;;cl. 

b. a shorted armature. 

c, a bad or dry bearing, 
d . an open field coi I . 

3. What piece of test equipment should be used to tost for an open field coil winding 
in a universal motor? 

a, voltmeter, 
b . a wattmeter . 
c. an ohnuneter. 
d . an ammeter . 

i}. When using a test ijmp on an open field coil of a universal motor, the light 
would: 
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„^tay rvu. 

c. g^ow dimly . 
d . glow brightly 



What would the wrorvg brush position cause a universal mot' 



to do? 



a - run \m'A . 

b, smoke. 

c , spark badly . 

(J . havt* pi>i>r tor q^jc . 

. Vyhtit \\' {Uc priiMrlii in .l lJIilvrr--.il lUO 

a. short in li"ie arnuature. 

b. short in the switch. 

c . open field coi I . 

d. reversed motor leads. a 



f:)r tluil L .iirvi»s it to rol.ili^ slow 
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Wheri meteririg a univcrSc.:! furid coil, llie mc:Vt:r is conriected? 

a. \n parallel with tl ie cc^uTi^jtsdor . 

b. in p.jraiiol vj\V.'\ llu; ru:;^^ lu!:. 

v.: . :n serieb with [he t.i:uof vvi:^ui^^.;^. 
ri . in Sv^rius wic'"; o-e 'ko;''/ 

!f triO "iff^Kilui'i'; ("jnci nuld -.'i! wore co/^'^oct-::! it; -jerics. what problcn^s could 
: - r i 5 e ? 

the field coils v^ould open. 
I'j . it vvould si'iort tht: :\ru^c:iuri: , 

c . it i J [ ') o r . i iU 1 (. o i"*. n e c L i u n . 

d. tr»e jT.oior ■.vf)uld liuni. 

b . rawinci ih^^ coi is . 

c. 't is a r^orv\^o\ condition. 

d. ri'vvirid tno vvl-.olC' motor. 

VVliCf^ tebtiny for shores, v/hat tcs: inslrurr.cnt is used? 

..J . ciHiprobo . 
b. voltniciter. 
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LAP TEST ANSWER KEY: TROUBLESHOOTING UNIVERSAL MOTORS 



I . A 

2. C 

3. C 

4. A 

5. D 
5. D 

7. D 

8. C 

9. B 
•10. C 
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.aariiiiiici Aotiwity Paeica< 



Odtj: 



PERFORMANCE ACT5V5TY: 



Ropair ii.u U n i v/ r s a 1 Mc j t or s 



OBJECTI\AE : 

Repair a universal motor following tl^o £;t.o{>^J 
a r: ta^jhcd ■;^hock L it: L . 



roi roj'.Mlr given in tho 



^rhe ^oplianco muD., oi-^urato properly ajid ch^j L>Lua.'ii(. i Li. inako a oiicck- 
^ Lst- on repair of th- n^otor that is consi^stent with tho given checklists, 
Succci^sfuily comF^lotc at least 80% of th- itomr. on a nuiltiple-cho ice 
test about this LAP- 



r liui-Jtracioii of a Lliwvorsal Motor. (Attached) 
ChetrklLst on repair of the motor. (At Cached) 
UniveL'sal mentor. 
Serv i ce Manua I :^ . 

Klect cic Motor Repair^' Htjberl Kosenborcj; pcujcis 
JO-W oil 



PROCLoUHi:: 



Steps 



1. Follow the checklists for repairing a motor. (Attached) 

2. Complete the multiple-choice test items for this IJVP . 



Principal Author{s): 



T. Zi ) lor- 
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LAP TEST: REPAIRING UNIVERSAL MOTORS 
1 . How many start windings are required by a shaded pole motor? 

three. 

b. four. 

c. two. 

d. one. 

2, V^hcn are the field windings and armature in a universal motor tested for defects? 

a. after ai^r^embly . 

b. before assembly. 

c. before and after assembly. 

d. after cleaning and lubrication, 

3. !f a universal motor sparks badly, the trouble may be: 

a, shorted fields, 

b. overload. 

c. higi^ mica . 

d, wrong voltage, 

^, Reversed coil leads in a universal motor will cause: 

a, hot motor. 

b , bad sparking . 

smoke, 
d , • v. qur . 

5. If a universal motor has poor torque, the trouble may be: 

a. brushes off neutral. 

b. sl^orted armature, 

c. overload. 

d . shorted f ield . 

6, If d universal motor smokes, the trouble may be: 

a. reversed coil leads. 

b , high mica . 

c . worn bearings . 

d. wrong brush position, 

ERJC 412 
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If a universal motor has dry bearings, it Vvill: 

a. spark badly. 

b. smoke. 

c. have poor torque. 

d. run hot. 

If a universal motor sparks badly, the trouble may be: 

a. brushes off neutral- 

b. overload. 

c. wrong voltage . 

d. shorted field pules. 

Mow mcjny coils aro usually found in a universal rnolor armalurc slot/ 

a. two. 

b . one . 

c. three. 

d. four. 

When installing new insulation in a universal motor armature, how far should 
the insulation extend above the end of the slots? 

a . 1/4 inch . 

b. inch. 

c. 3/8 inch. 

d. 1/2 inch. 
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LAP TEST ANSWER KEY: REPAIRING UNIVERSAL MOTORS 



1 . D 

2. C 

3. C 

4. B 

D 

6. C 

7. D 

8. D 

9. A 
10. B 
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PERFORfl/lANCe ACTiVSTY: Oporation of the Shaded Pole Motor 



OBJECTIVE: 



Describe the operation of a shaded pole motor, 



EVALUATION PROCEDURE : 

Student is to write a description about the operation of a shaded pole 
motor that is consistent with the attached checklist- Successfully 
complete ast least 80% of the items on a multiple-choice test about this 
LAP. 



RESOURCES : 

Checklist on operation of a shaded polo motor. 

E lectric Motor Repair , Robert Rosenberg, pages 265-267. 

iT^troduction to Power Technology Principles of Electric Motors , Veqa, 

pages 28-31. 

Shaded pole motor. 



PROCEDURE: 



1 

2 
3 



Steps 



Redv"' ^--'^'^ 26'''-267 m ^ -tri e Motor Repai r. 
Follow the checklxst for operation of motors. (Attached) 
Complete experiment #3 Shade-Pole Motors in Introduction to Power 
Techn ology/ pages 28-31. 

Operai-e the motor and observe the characteristics of the motor 
according to t:ho items listed on the oi^erational chnckli.si: attached, 
Comuiute Lhe mu 1 Lif.\Le-cho ice test items for this \J\V . 



°nncipai Authcris): T. ziller 
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OPERATIONAL CHECKLIST FOR SHADED POLE MOTOR 

1. Connect motor to power soLjrce. 

2. Salient field pole is one heavy solid copper coil (1 turn) . 

3. Field coil lies on top. 

M. Disconnect motor from power source. 
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PERFORMANCE ACTIVITY: Shaded-Poie Motor Construction 



OBJECTIVE : 



Identify the component parts of a shaded-pole motor, 



2-24-76 



i¥ity Pac 



EVALUATI ON PROCEDURE : 

Student is to identify by labelincj Lhc component parts of a shadod-polc 
motor that is consistent with the attached checklist, Sacce.ssfully 
complete at least 80% of the items on a multiple-choice test about this 
LAP. 



RESOURCES : 

Illustration of a shaded-pole motor- (Attached) 
Checklist on disassembly of a shaded-pole motor. (Attached) 
Electric Mo tor Repaii . Robert Rosenberg, pages 265-267. 
Shaded-PoIe motor. 



PROCEDURE : 

Stops 

1. r*'-viov/ > :>*'>5~:>07 in Electric Motor Repair . 

9* p^,^ , cii-^-k.list .o: i.sn^^sembly of motors. (Attciched) 

•3, Comjueifj the mul t iplp-choic*- tor^t items for this LJ\P. 



Principal Author($): 



EKLC 



417 



Page 2 78.01 .08.06.A2-0 

CHECKLIST FOR DISASSEMBLY: SHADED POLE MOTOR 

1 . Scratch two (2) lines on end of stator and end bell (about long) . 

2. Scratch one (1) line on end of stator and other end bell (About long) . 

3. Remove bolts (don't lose nuts and bolts) . 

4. Gently tap end bells and remove from stator. 

5. Gently remove rotor from stator. 

6. Refer to the exploded view. 
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SHADED POLE MOTOR 




BEARING 




ROTOR 
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LAP TEST: 



OPERATION AND CONSTRUCTION OP THE 
SHADED POLE MOTOR 



2, 



3. 



1 ,08.05 

How are the shaded poles connected? 

a. series opposing. 

b. parallel alternately. 

c. series alternately. 

d. parallel supporting. 

During the part of the sine curve where the current drops near maximum to O, 
currect in the shaded coii will again be: 

a. lagging, 
b . opposed . 

c, dropped, 

d. induced. 

A characteristic of a shaded pole motor is: 

a. poor starting torque. 

b. maximum torque on starting. 

c. low torque at high speeds. 

d. low RPM. 

Where are shaded pole motors used? 

a . t : . uevlces . 

b. compressor motors. 

c. large appliances, 
d . power tools . 

How are shaded pole motors reversed? 

a. reverse the current. 

b. reversed the brushes. 

c. reversed lield coiis. 

ci. one shaded winding is closed one shaded wiruiincj is open. 
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6. Shaded pole motor consists of: 

a. two end bells, one stator, one rotor, and one set of brushes. 

b. two end bells, two stators and one rotor. 

c. two end bells, one rotor, one stator and one fan, 

d. two end bells, one rotor and one stator. 

7. How can a shaded pole motor be reversed? 

a. by switching the positions of the end bells. 

b. by changing the windings. 

c. by reversing the stator. 

d. by reversing the rotor. 

8. Identify item number 1 on the attached illustration? 

a. rotor. 

b. bearing. 

c. stator. 

d. winding. 

9. All shaded pole motors have rotors of what type? 

a. squirrel cage . 

b. slotted. 

c. split phase. 

d. fast starting torque. 

10. Wliy can only one end plate bo removed on a shaded pole motor? 

a. it--, p^. t of the ^rame. 

b. its spot welded. 

c. it has a special bearing, 

d. its part of the rotor. 
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LAP TEST ANSWER KEY: OPERATION AND CONSTRUCTION OF THE 

SHADED POLE MOTOR 



LAP .05 

1. C 

2. D 

3. A 

4. A 

5. D 

LAP .06 

6. D 

7. C 

8. A 

9. A 
10. A 
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Oato: 

PERFORMANCE ACTIVITY: Troubleshooting Shaded Pole Moto rs 



OBJECTIVE : 

Troubleshoot shaded pole motors following the stops given on the 
attached checklist. 



EVALUATION PROCEDURE : 

The appliance must oijerate properly and tho student i.s to make a 
checklist on troubleshooting the motor that is consistent with the 
given checklist. Successfully complete at least 80^ of the items 
on a multiple-choice test about this LAP- 



Ohiiuneter 
Growler 
Ammeter 
Voltmeter 



[^SOURCES : 

Checklist on troubleshooting a motor. (Attached) 
Shaded pole motor. 
Service Manual s- 

Eloctr ic Moto r RC;pair_, by Robert Rosenberg. 



Steps 

1. Follow the checklist for troubleshooting a motor- (Attached) 

2. Cotnpier.e the multiple-choice test items for this LAP. 



Principttl Author{s): ^ i 
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CHECKLIST FOR TROUBLESHOOTING: SHADED POLE MOTOR 

1 . Make a thorough visual inspection. 

2. If motor runs hot, check for: 

a. Worn bearings . 

b. Dry bearings. 

c. Shorted fields (Ohmmeter) (Growler) . 

d. Overload (Ammeter), 

3. If motor smokes, check for: 

a . Worn bearings. 

b. Shorted fields (Ohmmeter) (Growler) , 

c. Wrong voltdgc (Voltmeter) . 

d. Overload (Ammeter). 

4. If motor has poor torque, check for: 

a. Shorted field (Ohmmeter) (Growler) . 

b. Worn bearings. 

c. Plugged with dirt. 

5. Take a resistance reading on the motor field windings. (Record value) . 

6. Plug the motor into 115V AC power source. 

7. Take a voltage reading on the motor terminals. (Record value) Compare with 
manufacturer's name plate. 

8. Usi.;g ^n ainpi o^^e take a current reading on the motor (Record value) . Compare 
with i;*.^^- . '.'.turer 's name j^!..^-^. 

9. Disconnect from AC power. 

10. Connect fields to a low D.C. voltage. 

11. Use a compass and check for polarity. 
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UXPTEST: TROUBLESHOOTING SHADED POLE MOTORS 



1 . If a shaded-pole motor has poor starting torque, the trouble might exist in: 

a. the voltage being applied. 

b. the load. 

c. the field . 

d . the armature. 

2. If a shaaed-pole motor smokes, the repairman should chock for: 
cK dirt. 

b. a shorted armature. 

c- wrong voltage . 

d. a shorted auxiliary winding. 

3. What piece of test equipment should be used to test for an open-field coil 
in a shaded-polc motor? 

a. an ohmmeter 

b. a wattmeter 

c. a voltmeter 

d . an ammeter 

^. If a shaded-pole motor is plugged with dirt, one symptom will be: 

a. heat. 

b. a non-Of>rr*Uiona! motor. 



d . poor torqut? - 

5. If a shaded-pole motor is noisy, the trouble may bo: 

a. bad brushes. 

b. the wrong brush setting. 

c . worn bearing . 
d . a shorted field . 

6. When using a test lamp on a open-field coil of a shaded-pole motor, the light 
would: 

a . stciy cut. 

b. glow briglUly. 

. glow normal ly . 
d . glow (limly . . 



c . 
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When using a test iamp cn a shorlod ficld-coil of a shaded-pole motor, the 
light would: 

a. glow dimly. 

b. glow brightly. 

c. glow normally . 

d . stay cut. 

How many phases does a shaded-pole motor have? 

a. 2 

b. 1 

c. 3 

d. 4 

What meter would you use to troublcshoot a shaded-pole motor? 

a. velocity meter 

b. ampmeter 

c. VOM 

d. micrometer 

Windings in a stator in a shadcd-pole motor must be connected so what will 
develop? 

a. alike polarity results 

b. variable polarity results 

c. consistent polarity results 

d. alternate polarity results 
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LAP TEST ANSWER KEY: TROUBLESHOOTING SHADED POLE MOTORS 



1 . C 

2. C 

3. A 

4. D 

5. C 

6. A 

7. C 

8. B 

9. C 
10. D 
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Student: 
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PERFORMAI^CE ACTIVJTY: Repairing shaded Pole Motors 



OBJECTIVE : 

Repair a shaded pole motor following the steps for repair given 
on the attached checklist. 



EVALUATION PROCEDURE : 

The appliance must operate properly and the student is to make a 
checklist on repair of the motor that is consistent with the given 
checklists. Successfully complete at least 80% of the items on a 
multiple-choice test about this LAP. 



RESOURCES : 

1 ight machine oi 1 
varni sh 

Illustration of shaded pole motor. (Attached) 
Checklist on repair of the motor. (Attaclied) 
Shaded pole motor. 
Service Manuals. 

electric Motor Rj:?lJai._r/ by r<obcrt Kosenbcrq. 



PROCEDUiv;" 

Steps 

1. Follow the checklists for repairing a motor. (Attached) 

2. Complete the multiple-choice test items for this LAP. 



Principal Author (s); 
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CHECKLIST FOR REPAIRING SHADED POLE MOTORS 



Service 

1 . Lubricate bearings, (light machine oil) 

2. Insure that motor is not filled with lint or dirt. 

3. Check for free rotation of shaft. 

Repair 

1. Using proper tools, remove bad bearings. 

2. Replace bearing. 

3. Lubricate new bearing. 

Rewindin g 

1 . Strip the stator . 

2, Check for correct size of magnetic wire. 

3. Fit paper insulation in stator. (see instructor when completed) 
U. Rewind motor using the form winding method. 

5. Splice and connect leads, (see instructor when completed) 

5. Test new winding with proper test equipment. 

7. Dip stator in varnish. 

8. Reassemble the motor. 

9. Connect motor to power source. 

Reassembly 

1 . Gently set rotor inside stator. 

2. Align end belts . 

3. Insert bolts and tighten. 

a. Connect motor to power source. 
5. Refer to exploded view. 
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LAP TEST: REPAIRING SHADED POLE MOTORS 



1 . What method should be used to rewind a shaded pole motor? 

a. set winding . 

b. skein winding . 

c. hand winding. 

d . form winding . 

2. What will an ohmmeter read when testing a shorted armature coil for a shaded 
pole motor? 

a. zero. 

b. a little resistance. 

c. infinite. 

d. the test cannot be performed with an ohmmntor. 

3. Why should insulating paper be placed on the corners of a shad<:d poU^ motor, 
or around its core? 

a. to prevent the coil from shorting. 

b. to prevent damage to the armature. 

c. to prevent the coil from grounding. 

d. to prevent a blown fuse. 

U. The easiest way to reverse a shaded pole motor is to: 

3. reverse the field connections. 

b. reverse the stator «n its housing. 

c. rtwinu the fields . 

d. rewind the stator . 

5. If after repairing a shaded polo motor you find that the motor does not run, what 
may be the cause? 

a. magnetic flux lines are intersecting a 45 degree. 

b. loose bearings. 

c. magnetic flux lines are parallel. 

d. shorted field windings. 

6. A shaded pole motor has which of the following characteristics? 

a. very long life . 

b. low starting torque. 

c. high starting torque. 

d. very high efficiency. 4l)P 
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7. When are shaded pole motors used? 

a. where extremely long life is desired. 

b. where high starting torque is needed. 

c. where very high horsepower is needed. 

d. where high starting torque is not needed. 

8. The staler on most shaded pole motors is constructed with what type of core? 

a. laminated core. 

b. solid core metalic. 

c. very soft core. 

d. resister nonmetallic core. 

9. When repairing a field winding, how many turns should be in each field winding? 

a. as many as specifications call for. 

b. it depends on the horsepower of the motor. 

c. it depends on if the motor is AC or DC. 

d. all shaded pole motors require 1 , 237 field windings. 

10. When repairing most shaded pole motors, what should be done with the shaft 
bushings or bearings? 

a. lubricated with graphite. 

b. greased with mutii purpose grease. 

c. oiled with heavy oil. 

d. oiled with light machine oil . 
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LAP TEST ANSWER KEY; REPAIRING SHADED POLE MOTORS 



1. D 

2. A 

3. C 
M. B 

5. D 

6. B 

7. D 

8. A 

9. A 
10. D 
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■•l^^^l^^^^^ UNiT POST TEST: UNIVERSAL AND SHADED-POLE MOTORS 



78,01.08.01 

1 . What are the two major characteristics of a universal motor? 

a. high starting torque and variable speed 

b. low starting torque and variable speed 

c. low starting torque and lots of power 

d. high starting torque and constant speed 

2, Why is the universal motor the most popular type in the fractional horsepower 



a. it is inexpensive 

b. it is used on most household appliances 

c. it doesn't have field coils 

d. it can be used as a generator 

3. What is the purpose of the field core in a universal motor? 

a. it houses the bearings 

b. it supports the outer housing 

c. it holds the armature 
d . it hoids the coils 

4. The type of motor that can be used on either AC or DC voltage is: 

a, a s^^ ::^ed-pole motor 

L, a spi it-phase motor 

c, a universal motor 

d. a repulsion motor 

5. Universal motors run on what currents? 

a. 115 volts 

b. AC only 

c. DC only 

d . single-phase AC or DC 
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78.01 .08.02 

6. Where is the frame located on a universal motor? 

a. enc ates 

b. outer housing 

c. coil bracket 

d . field core 

7. Why are universal motors usually built into the device they drive? 

0. they run at very low speed and cause vibration 

b. they don^t have any moving parts 

c. they run at dangerously high speed without load 

d. the bearings don't have to be lubricated 

8. Identify #1 on the exploded view of a universal motor. 

a. oil seal 

b. carbon brush holder 

c. bearings 

d. carbon brushes 

9. Identi'^y #2 on the attached figure. 

a . armature coils 

b. field coil^ 

c. commutator 

d. metal clamps 

10. Identify #5 on the attached figure. 

a, cor^ ..: J or 
u . armature coils 

c . fan 

d . laminated core 
78.01 .08.03 

11 . If the bearing housing was hot in a universal motor, the problem might be: 

a. the wrong voltage being applied 

b. a shorted armature 

c. a bad or dry bearing 
d . an open field coil 

o 
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78.01 .08.03 (continued) 

12, What piece of test equipment should be used to test for an op^^n field coil 
winding in a universal motor? 

a . a voltmeter 

b. a wattmeter 

c . an ohmmeter 

d . an ammeter 

13. When using a test lamp on an open-field coil of a universal motor, the light 
would: 

a . stay cut 

b. glow normally 

c. glow dimly 

di . glow brightly 

1q. When metering a universal motor's field coil, the meter is connected: 

a. in parallel with the commutator 

b. in parallel with the field coil 

c. in series with the stator windings 

d. in series with the field coil 

15. If the insulation is burnt on the field coils: 

a. revarnish 

b. rewind the coils 

c. it is a normal condition 

d. rewind the whole motor 

78.01 .08.0^ 

16. When are the fielJ windings and armature in a universal motor tested for 
defects? 

a . after assembly 

b. before assembly 

c. before and after assembly 

d. after cleaning eind lubrication 

17. If a universal moior 5 parks badly, the trouble may be: 

a . bhorted f 'jlds 

b. over I oar 

c. high ;n ca 

d . wrony \ >!ia^<e 
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78.01 .08>0M (continued) 

18. If a universal motor has dry bearings, it will: 

a . spark badly 

b. smoke 

c. have poor torque 

d. run hot 

19. If a universal motor sparks badly, the trouble may be: 

a. brushes off-neutral 

b. overload 

c. wrong voltage 

d. shorted field poles 

20. How many coils are usually found in a universal motor armature slot? 

a . two 

b . one 

c. three 

d . f ou r 



78,01. 08>05 



21 . Single phase induction motors require an auxiliary winding to provide t.-e 
motor with starting torque. How is this done in a shaded-pole motor? 

a. one closed turn of heavy copper wire embedded in one side of each stator 
pole 

b. there is no peed because it has very little torque 

c. ma^;/ turns of light copper wire in the stator or frame 
J. it is wound at same time as the field coils 

22. When does the magnetic axis flux shift from the unshaded part of the pole 
to the shaded part? 

a . in one full cycle 

b. it doesn't shift 

c. in one and a half cycles 
d . in one-half cycle 

23. What is the phase difference between the shaded winding and the field windings? 
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a . 45 degrees 

b . 1 80 degrees 

c. 90 degrees 

O d. 270 degrees 
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78,01>08.05 (continued) 

24. Shaded-pote motors have stators constructed similarly to what other motor? 

a. split-phase 

b. universal 

c. polyphase 

d. shunt wound 

25. As current drops, what is induced in the shaded coil? 

a. very little current 

b. no current 

c. a great amount of current 

d. reverse current 
78>01,08,06 

26"! identify figure number 5 on the attached illustration: 

a . rotor 

b. end bell 

c. bearing 

d . rotor 

27. Identify figure number 4 on the attached illustration: 

a. end bell 

b. bearing 

c. stator 

d. winding 

28. Identify item number 3 on the attached illustration: 

p . rotor 

b. end bell 

c. winding 

d. stator 

29- Identify item number 2 on the attached illustration: 

a . stator 

b. winding 

c. end bell 

d . rotor 
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78.01 .08.06 (continued) 

30. Identify item number 1 on the attached illustration: 

a . rotor 

b. bearing 

c. stator 

d. winding 

78,01 .08.07 

31 . If a shaded-pole motor smokes, the repairman should check for: 

a. dirt 

b. a shorted armature 

c. wrong voltage 

d. a shorted auxiliary winding 

32. What piece of test equipment should be used to test for an open-field 
coil in a shaded-pole motor? 

a . an ohmmeter 

b. a wattmeter 

c. a voltmeter 

d. an ammeter 

33. If a shaded-pole motor is plugged with dirt, one symptom will be: 

a. heat 

b. a non-operational motor 

c. smoke 

d. poc. lorque 

34. When using a test lamp on a shorted field-coil of a shaded-pole motor, the 
light would: 

a. glow dimly 

b. glow brightly 

c. glow normally 

d. stay out 

35. Windings in a stator in a shaded pole motor must be connected so what will 
develop? 

a. alike polarity results 

b. V riable polarity results 

c. consistant polarity results 

i-n^^ d . alternate pol arity results ^; , ^ 
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36. What will an ohmmeter read when testing a shorted armature coil of a shaded- 
pole motor? 

a . zero 

b. a little resistance 

c. infinite 

d. the test cannot be performed with an ohmmeter 

37. Why should insulating paper be placed on the corners of a shaded-pole motor 
or around its core? 

a. to prevent the coil from shorting 

b. to prevent damage to the armature 

c. to prevent the coil from grounding 

d. to prevent a blown fuse 

38. The easiest way to reverse a shaded pole motor is to: 

a. reverse the field connections 

b. reverse the stator in its housing 

c. rewind the fields 

d. rewind the stator 

39. A shaded pole motor has which of the following characteristics? 

a . very long I ife 

b. low starting torque 

c. high starting torque 

d. very high efficiency 

40. The stator on most shaded pole motors is constructed with what type of core? 

-1 . laminated core 

b. solid core nonmetallic 

c. very soft nonmetallic 

d. resistive nonmetallic 
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UNIT TEST ANSWER SHEET 

UNIT POST TEST: 
UNIVERSAL AND SHADED-POLE MOTORS 



OccupationEil Area: 

File Code: 78.01 .08.00.62-2 

Name: 



in. 



ANSWERS 

8.01.08.01 1- A 78.01.08.05 21. A 41. 

2. B 22. D 42. 

3. D 23. C 43, 

4. c 24. A 44. 

5. D 25. A 45 

78.01.08.02 6. B 78.01.08.06 26. ^ 46. 

7. C 27. ^ 47. 

8. D 28. ^ 48. 

9. B 28. ^ 49. 

10. B 30. ^ 50. 

78.01.08.03 11. C 78.01.08.07 3^ C 53 

12. C 32. ^ 52. 

13. A 33. ^ 53. 

14. D 34. ^ 54. 

15. B 35. ^ 55. 

78.01.08.0416. C 78.01.08.08 35 A 56 

17. C_ 37. ^ 57. 

18. D 3B. B 5fl. 
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UNIT PERFORMANCE TEST: UNIVERSAL AND SHADED POLE MOTORS 



Sex: M F (Circle 1) 



OBoECTIVE 1 : 

Given a malfunctioning universal or shaded pole motor the student will service 
and repair a motor so that it functions according to the manufacturer s specifi- 
cations, following safe practices and procedures. 

OBJECTIVE 2 : 

Usiny appropriate tools and test equipment the student will take shorts and open 



OBJECTIVE 3 : 

Using appropriate equipment, the student will rewind a faulty universal or shaded pole 
motor. 

OBJECTIVE 4 : 

Using appropriate tools and test equipment, the student will calculate and record 
amperage, voltage, resistance and wattage of the universal or shaded pole motor. 



The student will service and repair a universal or shaded pole motor and, in the 
process, he will make shorts and open and grounding tests, using appropriate tes 



tests. 



TASK: 



equi pment. 



ASSIGNMENT: 
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CONDITION S: 

The student will be given a malfunctioning universal or shaded pole nrator. (It 
may be bugged by the instructor or it may be one brought in by a customer.) He 
will be required to service and repair the motor in conditions similar to those 
in a typical motor repair shop. He will be allowed to use any and all tools, equip- 
ment, service manuals, text books, etc., commonly found in a repair shop. He must 
complete it in a reasonable length of time with no assistance from the instructor(s) 
or students. 



RESOURCES : 

Tools: internal-external snap ring pliers 
7-piece nut driver set 
Tool box 18x8x9 
Circular gauge 
Hacksaws 
Pulley puller 
Arc joint pliers 
Lineman's pliers 
Diagonal cutting pliers 
Long chain-nose pliers 
Locking piier wrench 
Coil tamping pliers 
4-piece standard set screwdrivers 
Center punch 
Cold chisel 
Ball pein naniner 
Lug crimpers 

Wire skinner and straightener 
Equipment: 

Coil stripping chisel 
Armature winder 
Coil wir.uer 
EAternal Growler 
Insulation former 
Coil shapers 
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Sttidtnt: 

Date: 



Pi.,nnH- 78.01. 08.00.A1-5 

Date Published: 

11/15/7^ 



Family Pay Number :_ 



Sex: M F (Circle 1) 



PERFORMANCE CHECKLIST: 



OVERALL PERFORMANCE: Satisfactory 



Unsatisfactory 



CRITERION 
Met Not Met 



Objective 1 : 






1, Follows safe practices and procedures. 






Criterion: a. No injury results to the student or equipmen 




b- Complies with OSHA requirements. 




- 


2. Follows proper procedures for disassembly. 






Criterion: No damage results to the mo^or. 






3. Diagnoses and troubleshoots malfunctions properly. 






Criterion: Wh9n repaired, the motor functions according to 






the manufacturer's specifications. 






4. Reassembles the motor properly.. 






Criterion: Appliance functions according to the manufacture 






specifications and the procedures followed agree 






with those described in the service literature. 






5. The repaired motor is repaired in a neat, professional 






manner. 
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(Checklist continued) 

CRITERION 
Met Not Met 



Criterion: No damage results to the motor such as opens and s 


horts. 




6. All conn-jctions and fasteninas are orooerlv comoleted. 






Criterion: The motor connection complies with the manufacture 


r's 




specifications. The connections are mechanically 






fastened and structurally sound. The connection 




.w- 


13 electrically fastened ana tree ot aeTScis. 






7. Motor functions according to the manufacturer's specifi- 







cations . 







Criterion: Manufacturer's specifications. 






8. Uses appropriate repair part and supplies. 






Criterion: They match exactly those listed in the manufactun 


ir's 




specifications. 







Objective 2: 






9. Test for grounded coninentator, using test lamp. 


— 




- • 


Cr^^-i^rion: Trouble-shooting techniques reveal the malfunctioi 




as identified on the job sheet. 




10. rest for shorted commentator, using test lamp. 






Criterion: Trouble-shooting techniques reveal the malfunctio 


n 




as identified by the job sheet. 






11. Test for grounds, using growler or millivolt meter. . 
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CRITERION 
Met Not Met 



Criterion: Trouble-shooting techniques revea'' the malfunctioi 


1 




as identified by job sheet- 






12. Test for shorts in the field coils, using a growler. 






Criterion: Trouble-shooting techniques reveal the malfunctior 






as identified by job sheet. 






13. Test for short?; in the armature rnil. usinq a arowler. 






Criterion: Trouble-shooting techniqup?; reveal the malfunctior 






as identified by joh sheet. 






14. Test for an open field coil, using an ohmmeter 






Criterion: Trouble-shooting techniques reveal the malfunctior 






as identified by job sheet.. 




■ - 


15. Test for an open armature coil, using an ohmmeter. 






Criterion: Trouble-shooting techniques reveal the malfunctior 




■ 


as identified by job sheet. 






16. Test for reversed coils, using a compass or bar 






magnet test. 






j Criterion: Trouble-shooting techniques reveal the malfunctioi 







1 as identified by job sheet. 






Objective 3: 






17. Uses coil -stripping tool to rerove colls. 







ERIC 



479 



Page 6 



78.01.08.00.A1-5 



(Checklist continued) 



Met 



CRITERION 
t Not Met 



18. Uses armature winde'^. 1f appropriate, when winding the 
armature. 



19. Ust^s coil winder, if appropriate, when winding field coil. 

20. Uses insulation former, if appropriate, when insulating. 



21. US2S coil shaper, if appropriate, on the field coil s. 
Criterion: Proper equipment application results in a 



Objective 4: 

22. Usq fi tffS^ PQiiipmpnt proper! V. 

23. Wattage readings are accurate. 

24. Voltage readings are accurate. 

25. Amperage readings are accurate. 

26. Resistance r?cdings are accurate. 

Criterion: Manufacturer's specificationSc 

27. When applicable, mathematical calculations are correct. 
Criterion: AC/DC Circuit Manuals, Westi nghouse, 

28. The motor is repaired in a reasonable time. 

Criterion: Not to exceed 6 hours. 



The student must successful , / complete 25 out of 28 line item s 
to achieve an overall score of satisfactory. 



defect-free operative motor. 
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